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SYLLABUS

This Feasibility Report presents the results of a study conducted to address
the need for beach erosion control, hurricane protection, and related

purposes at Wrightsville Beach, North Carolina.

Wrightsville Beach is located on the Atlantic Ocean in New Hanover County.
It has a permanent population of about 3,000 and a peak summer population of
about 25,000. The beach within the existing shore protection project is
publicly owned and constitutes 20 percent of the beach area in the State
that is readily accessible and open to free public access. Continued
existence of the beach and dune system is of vital importance to the

economic security and community stability of Wrightsville Beach.

There are records of many hurricanes dating Back to the early 1700's that
have caused severe damage in the Wrightsville Beach area. Most recently,
heavy propert:y damage resulted from hurricar{es-.occurring in 1944, 1954,

1955, 1958, and 1960.

In 1965 the Federal Government, under .authority contained in PL 82-874,
constructed a shore and hurricane wave pfbtection project along 14,000 feet
of the ocean shorve‘line extending north from Masonboro Inlet. This project
includes a dune and berm system that protects against hurricane wave action
from a 35-year storm. Also included was Federal aid 'fdt_ periodic nourish~
ment for a 10-year trial basis to determineb the technical viability of
periodic nourishment. The 10-year trial basis began in 1970 when the
project was considered officially completed and was turned over to the local
sponsor,' the town of Wrightsville Beach. After the 10-year perriod, which
ended after the most recent project restoration (November 1980 to
April 1981), the p‘réject was reexamined in this study to determine if
Federal participation in periodic nourigshment 1is the most efficient and
economic solution.

Since completion of this project, erosion has been about five times greater

than anticipated. A shore, processes analysis shows that about 46 percent is
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induced by the Masonboro Inlet_navigétibn project. The remainder is due to
natural causes, including the increased erosion induced by an anomaly in the
beagh alignment. _Mitigatibn of the Masonboro ‘Inlet navigation project
damage has been performed under authority contained in ‘Section 111 of
PL 90-483. The remaining 54 percent deficit in the sand budget will result
in gradual and continual deterioration in the effectiveness of the existing
project to a point where a significant threat to life and property will

exist.

Nonstructural and structural alternative solutions were considered and
evaluated independently as well as 'in various combinations. This included
extension of the authorized project, relocation of the building line,
property acquisition, flood proofing, construction of small floodwalls, and
Fedéral participation .in beach nourishment for the project life. All plans,
with the exception of continued Federal participation in beach nourishment,

were found to lack economic feasibility.,

Our reanalysis of the existing shore and hurricane wave protection project
bears out continued Federal interest since it is the most efficient and
economic solution. Therefore, the recommended plan is for continued Federal
aid for periodic nourishment throughout the life of the project. The plan
is also considered environmentally acceptable.’ ‘Impacts to significant

resources will be minor and temporary in nature.

‘Average annual costs are estimated at $668,000. Maintenance costs consist-—
ing of periodic beach ‘nourishment will be shared evenly by the Federal
Government and local sponsor. The Federal share is estimated at $311,000
and the non-Federal share is estimated at $311,000. Maintenance costs
consisting of periodic berm and dune maintenance will be the responsibility
of the local sponsor and are estimated at $46,000.. Therefore, the total
share for the Federal Government is $311,000 and $357,000 for the local
sponsor. The average annual bénefits are estimated at $910,300.. The
recommended plan has a benefit-to-cost ratio of 1.36 and 1is, therefore,

considered economically justified.
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SECTION I - INTRODUCTION
Study Authorization

The authority for this study is contained in a resolution of the Committee
on Public Works of‘the U.S. House of Representatives, dated 2 December 1970.
The resolution was initiated by Congressman Alton Lennon, and requested the
Secretary of the Army to direct the Office of the Chief of Engineers to make
a survey of "Wrightsville Beach, North Carolina and adjacent beaches in the
interest of beach erosion control, hurricane protection and related
purposes, including oceanic and lagoonal shores and interconmnected tidal

channels."

A notice of this resolution was forwarded to the Chief of Engineers,
Washington, D.C., 2 December 1970. On 5 December 1970 the Chief of
Engineers assigned the study to the South Atlantic Division (SAD) which, in
turn, assigned the study to the Wilmington District, 18 February 1971.

Funds to initiate the study were made available 1 October 1977.
Scope of the Study

The scope of the study, in accordance with the study authority, will address
the identification of needs and development of plans related to beach
erosion control and hurricane protection at Wrightsville Beach. The scope
of the study will also encompass the range of economic, environmental, and
other impacts associated with implementation of shore protection

improvements.,
Study Participation and Coordination
A public meeting was held on 18 April 1978 at Wrightsville Beach to provide

the public an opportunity to express their views concerning the need for

shore protection at Wrightsville Beach.



Also, during the course of preparation of this Feasibility Report, coordina-
tion has been carried out with the United States Department of the Interior,
Fish and Wwildlife Service; the North Carolina Department of Natural
Resources and Community Development: and other Federal and State agencies

having responsibilities and interest related to this study.

In addition to studies conducted by the Wilmington District, an analysis of
the project was submitted by the U.S. Fish and Wildlife Service and is

attached as appendix E of this report.
The Report and Study Process

lThis document 1is basically structured in accordance with the four functional
planning tasks: (1) Problem Identification, (2) Formulation of Alterna-
tives, (3) Impact Asseésment, and (4) Evaluation. The report consists of a
main report and supporting appendixes. The environmental assessment 1is

included in the main report.



SECTION II - PROBLEM IDENTIFICATION

Problem identification is the first of four planning tasks described in the
preceding paragraph. This task is undertaken to determine what problems
exist and should be addressed by the Federal Govermment, what geographic
study area will be affected, and what the ultimate goals of the study should
be.

This section includes (1) a statement of National Objectives, which
describes the Federal interest in Wrightsville Beach; (2) identification of
public concerns; (3) analysis of resource management problems; (4) delinea-

tion of the study area; and (5) development of planning objectives.
National Objective

The Chief of Engineers, under authority contained in a resolution of the
Committee on Public Works of the U.S. House of Representatives, dated
2 December 1970, has authority to undertake studies related to shore protec-
tion. The Federal objective in water resources planning is the enhancement
of the National economic development. Projects formulated under this objec~-
tive must be cost effective, environmentally sound, and in the best public

interest with National Economic Development as the principle objective.
Public Concern

Local interests have expressed a need for shore protection at Wrightsville

Beach, consisting of continued Federal participation in the 'existing shore

protection project, extension of the existing project northward 2,800 feet,

and erosion control along the estuarine shoreline. o

Resource Management Problems

Wrightsville Beach has had a history of erosion problems and experienced

heavy property damages as a result of hurricanes occurring in 1944, 1954,



1955, 1958, and 1960. The bedch and adjacent waters tepreseﬁf many natural
values which should -be preserved or enhanced. This is the basis of the

resource management problems which this Feasibility‘Report will address.
Study Area

The .specific area included in this study, as authorized by the 2 December
1970 congressional resolution, consists of "Wrightsville Beach and adjacent
beaches ... including oceanic and lagoonal shores and interconnected tidal
channels."  The actual physical boundaries of the study area are: the
Atlantic Ocean on the east, the Atlantic Intracoastal Waterway (AIWW) on the
west, Mason Inlet on the north, and Masonboro Inlet on the south. With the
exception of the northernmost 1,600 feet of the barrier beach island south
of Mason Inlet, the entire study area is 'also within either the corporate
limits of the town of Wrightsville Beach or the immediately adjacent zone of
"extraterritorialvjurisdiqtion;" Figure 1 shows the study area and the
referenced physical features and boundaries. The probiemkaand needs of the
study area are also viewed in the broader context of theJQSutheastern region
of the State which, in addition to New Hanover County, includes Brunswick,

Bladen, Columbus, and Pender Counties.
Eiisting Conditions

The purpose of this report section is to provide a general overview of the
study area, prior corrective actions, other studies, and a discussion of

significant resources identified therein.
General Overview and Prior Corrective Actions

The town of Wrightsville Beach is comprised of two units, the estuarine
island known as Harbor Iéland and thé barrier island of Wrightsville Beach.
The formgr has an area of 293 acfes, with 3.5 miles of shoreline exposed to
current and wave activity. The latter has an area of 354 acres, with
16,80Q feet (3.2 miles) of oceanic shoreline and 16,000 feet (3.0 miles) of
estuarine shoreline within the town's corporate limits. The total length of

. ocean shoreline along the barrier island is about 23,000 feet (4.5 miles).
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Adjacent bodies of water include the Atlantic Ocean on the east, Banks and
Mott Channels and fhe Atlantic Intracoastal Waterway (AIWW) on the west,
Mason Inlet on the north, and Masonboro Inlet on the south. Shinn Creek on
the south forms a hydraulic connection between the AIWW and Masonboro Inlet.
To the north of Mason Inlet is Figure Eight Island; to the south of

Masonboro Inlet is Masonboro Island.

Wrightsville Beach has evolved into an important recreational resource of
the State of North Carolina since the latter part of the 19th century.
In 1889, a link between the mainland and the barrier island was established
with the completion of a trolley route sgpanning over a mile of wetlands
and estuarine channels, and extending south along the beach. This system
was the only means of access to the barrier island, other than by boat or
foot bridge, until the completion of a passenger car bridge to the island in

1935. The final trolley run took place in 1939.

Today Wrightsville Beach is accessible by two U.S. highway routes. It has a
permanent population of about 3,000 and a population on peak summer days
which has been estimated to approach 25,000, including day visitors. The

14,000 feet of beach within the shore protection project limits are publicly
owned and constitute 20 percent of the State and municipal ocean beach
frontage in North Carolina readily accessible and open to free public
access, Continued existence of this beach in a stable and esthetically
pleasing condition is of vital importance to the economic security and
community stability of the town of Wrightsville Beach. The shore protection
project directly provides a large measure of recreational and protective
benefits to the town, as well as a recreational resource to a far greater

number of people from the adjoining region and beyond.

Wrightsville Beach has ﬁaq a history of erosion problems datiﬁgAfrom the
earliest attewmpts to build within this dynamic barrier island zone. Local
interests began attempté to control erosion in 1923 when the town, with
asgigtance -from New Hanover County and the Tidewater Power Company,

constructed five timber groins along the middle 6,400 feet of the ocean



shoreline. 1In 1925, six reiﬁforced concrete groins wereiadded, with three
to the north and three to the south of:thedtimbe: groins. The wooden groins
functioned  satisfactorily until about i92é,‘by which time.attacks by marine
borers had partially destroyed ihém. The éoncrete groins were temporarily
successful at the southern end of the island, but those at the northern end

were eventﬁally flanked and destroyed. Then in 1939 the town, with the
assistance of PWA funds, constructed 16 creosoted timber groins, each about
325 feet long and spaced about 800 feet apart. In addition, 700,000 cubic
yards (cu.yds.) of sand fill were placed on the beach to replace some of

that lost to erosion.

Wrighf§§ille Beach experienced héavy property damages as a vresult of
hurricanes occurring ‘in 1944, 1954, 1955, 1958, and 1960. Erosion caused by
these hurricanes necessitated the placement. of a total of about 500,000
cu.yds. of sand. dredged from Banks Channel in four separate: operations

between 1955 and 1959.

The involvement -of  the Federal Government in providing long-term beach.
stabilization began¢'inv 1962 when Congress (P.L. 87-874) authorized the
construction of a combined beach erosion control/hurricane protection
project-. along the _14,000 feet of ocean shoreline extending:;no;;hf from
Masonboro Inlet, which cérresponded to the then—existing toWﬁ:iiﬁibs.; The
project Wa§ constrpctéd-in 1965. The dune section had a design width of ‘25
féetlétvéhé crest1at_an_elevation of 415 feet mean low water datum (MLW) ,
with- the landward tdé of the dune on or near the town building line. The
berm section had a design width of 50 feet at an elevation of +12 feet MLW.
A total of about 2,993,000 éubic yards of sand from Banks Channel was used
in the 1initial construction,:which included both the closure of Moore Inlet,
located at about C.E. baseline station 150+00, and‘édVEﬁce nourishment along
a 2,800-foof section of beach- north of the aﬁgﬁorized project limit. -
Following closure of the inlef, Wrightsville Beach extended its town limits
northward to include this 2{800 feet of beach. This action created the
ipresent situation in which.,thé'vﬁqwn limits 'includé, 16,800 feet of beach
north of Masonboro Inlet (to Station 168+00), whereas the Federal shore
protection project limits includelgnly 14,000 feet of beach north of the

inlet (to Station 140+00).



Construction of the northern of the two Masonboro Inlet jetties, which were
authorized in 1949, took place between July 1965 and June 1966, During the
period 1965 to 1970, the shore protection project suffered an unexpectedly
high rate of erosion of the sand fill, particularly along the northern 7,000
feet of the project shoreline. This erosion could not be totally accounted
for in terms of slope adjustments or sorting action on the fill. Continued
severe erosion necessitated the dredging and placement of about 1.4 million
cubic yards of fill on the shore protection project in the spring of 1970,
after which the project was considered officially completed and was turned
over to the local sponsor, the town of Wrightsville Beach. No additional
fill wés placed on the project until April 1980. At that time, an emergency
fill, consisting of approximately 500,000 cubic yards of sand, was placed
along the northern 7,000 feet of project shoreline under Public Law 84-99
authority. Upén completion of this work in May 1980, the northern half of
the project still offered only a portion of the protection for which it was

designed.

Between December 1980 and April 1981, a complete restoration of the
authorized shore protection project was performed, returning it to the
design configuration and level of protection for which it was authorized.
This restoration required the dredging and placement of about 1.25 million
cubic yards of sand, obtained from Masonboro Inlet and distributed along the
northern 7,000 feet of project shoreline. The restoration was completed

using a combination of funds, including:

o Federal Construction, General funds for periodic nourishment of the
project shoreline. (Under existing authority, this nour i shment represented
the last time that the Federal Government could participate in the cost-
sharing of nourishment. The question of modifying existing authority to
allow continued Federal participation for the project life is addressed as a

part of this study.)

o Non-Federal cash contribution.



o Section 111 funds (to mitigate erosion damage of the Wrightsville
Beach shoreline jddged to have been caused by the Federal navigation project

at- Masonboro Inlet).

o Masonboro Inlet Navigation Project Operation and Maintenance (O&M)

funds (for restoration of project depths and channel alignment).

Prior to construction ‘of the project in 1965, it ‘was anticipated that
periodic nourishment of the berm and dune would be essential to achieve
expected benefits of hurricane flood protection and beach erosion control
In fact, the Feasibility Report and subsequent Design Memorandum for the
project stipulated an estimated annual beach nourishment rate of 1.8 cubic
yards of sandi. per lineal foot of beach, for a net annugl volume of 25,200
cu_bic yafds. In addition, maintenance of the berm at +12 feet MLW would
req‘uire 0.4 cubic yard per liﬁeal foot, or A net 5,600 cubic yards annually
along with about 1,000 cubic yards annually for dune maintenance. Thv;xs, an
annual requirement of about 32,000 cubic yards of fill material was

anticipated prior to proje'ct implementation.

The actual erosion rate experiencéd along the project shoreline was about
five times greater than the estimated 32,000 cubic yards per year. The
determination of an  average annual erosion quantity of 167,000- cubic yards
per year was made as part of an analysis of shore processes for a 19-mile
segment of coast including Wrightsville Beach and Masonboro Inlet. This
analysis was submitted in October 1977 as a technical appendix to the
General Design Memorandum (GDM) for the Masonboro Inlet south jetty. The
CDM was approved by SAD in February 1978. The analysis indicated that
155,000 of the 167,000 cubic yards. of annual erosion losses were the result
of the Masonboro Inlet north jetty reducing natural sand-bypassing at the
inlet. To mitigate this jetty-induced erosion, a plan was developed in
which material would be dredgedy from the deposition basin adjacent to the
north jetty and placed along the affected reach of Wrightsville Beach shore-
line at an average .rate of 155,000 cubic yards per year. M‘asAonbéro Inlet
navigation project 0&M funds would be utilized to perform this work. The

balance of 12,000 cubic yards per year was identified as the historic,



natural erosion component., Replacing this portion of the computed 167,000
cubic yards per year sand deficit at Wrightsville Beach would be a cost

allocated to the shore protection project.

The shore processes analysis in the Masonboro Inlet South Jetty GDM was
limited in that the assumptions dictated that all the erosion losses off
Wrightsville Beach were attributed to either the navigation project at
Masonboro Inlet or historical losses. However, recognition was given to the
possible existence of other factors which could be contributing to the
erosion, specifically, the anomalous convex shape of the Wrightsville Beach

shoreline.

The convex shape of the Wrightsville Beach ocean shoreline, as shown by
figure 1, is primarily due to Moore Inlet which was closed during the
initial placement of the hurricane and shore protection fill in 1965. Moore
Inlet, which was located between Station 140+00 and the present northern
town limits of Wrightsville Beach (see figure 1), had existed as the
northern boundary of the town since the mid-1800's and characteristically
had caused the shorelines immediately north and south to curve seaward,.
When development began to spread northward alongiwrightsville‘Beach, roads
and houses were built more or less parallel to fhe §hore1ine éxisting at
that time. Also, the town building line was established seaward of the
development and parallel to the shoreline. Consequently when the hurricane
and shore protection project was constructed, the fiil was placed Sééward of
the development and the town building line thus;pfqdugihg_thé present convex

or bulbous shoreline- configuration.

Since the normal shape of barrier islands iﬁ.tﬁe vicinity of Wrightsville
Beach is concave, there is a natural tendency for normal shore processes to
reshape the beach planform to an alignment more compatible with prevailing
waves, currents, and inlet positions. In appendix D, a detailed examination
was made of the effects of the bulbous shoreline shape on erosion losses off

Wrightsville Beach, as well as a complete reexamination of the historical
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losses . and losses attributable to the Masonboro Inlet navigation project.

The results of this analysis were as follows:

(a) Total rate of erosion . . . . . &+ « « v . . . 130,000 cu yds/yr
(b) Historical losses, i.e., losses occurring

prior to project comstruction. . . . . . . . 29,000 cu yds/yr
(¢) Losses due to the bulbous shoreline . . . . . 41,000 cu yds/yr
(d) Losses due to the navigation project

at Masomboro Inlet . . . . . . . . . . . . . 60,000 cu yds/yr

Most of the eorosion losses on Wrightsville Beach are occurring north of
Station 50+00 (see figure 1), while the southern 5,000 feet, which consti-
tutes the accretion fillet adjacent to the north jetty at Masonboro Inlet,
only experienced minor losses during the time period selected for the shore
processes ahalysis. Even though the fillet did experience some erosion,
this trend will not continue indefinitely due to the stabilizing effect of
the Masonboro Inlet north jetty., The north jetty has a low weir section
which allows southward moving littoral sediﬁents‘to pass over and deposit in
a deposition basin from which ‘they will be removed dhring sand bypassing
operations, Since the north “jetty does not present a complete littoral
barrier, minor fluctuations in the position of the fillet shoreline are to
be expected. Over a long period of time, however, the fillet will remain

stable both in width and length north of the jetty.

The stability of the fillet is independent of wrightsvilléipéach receiving
any artificial nourishmeat. For example,'the minor erosion of the fillet
that was coﬁédtéa.fqr the shore processes analysis occurred between 1968 and
1979. HoweVér,'jh'l§70, Wrightsvillé Beach was qourished with 1,377,000 cu.
_yds. of fill ‘which was placed north of Station 50+00. Since the fillet did
not buildup. follow{dé this nourishment operation, it was- obvious that
- material moving south out of the fill area and onto the fillé:.was being
carried past the fillet and into Masonboro Inlet By'normal shore processes.
Also, in evaluating the effects of the bulbous shoreline on erosion‘rates, a

normal shoreline configuration was obtained for Wrightsville Beach by

10 ’
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analyzing the shape of natural barrier islands in the general vicinity of
the study area. This normal shoreline, which was assumed to represent the
ultimate quasi-equilibrium planform of the entire beach between Masons Inlet
and Masonboro Inlet, coincided with the existing alignment and position of
the shoreline along the 5,000-foot fillet. Therefore, even if Wrightsville
Beach does not receive any additional nourishments, the southernmost 5,000
‘feet of the project shoreline will remain in essentially its present

location.

The long-term costs of replacing erosion losses induced by the north jetty
will be allocated to the navigation project. The long-term costs of
replacing erosion losses related to project alignment and natural erosion

will be allocated to the shore protection project.
Other Studies

Section 111 Report, Wrightsville Beach, N.C.: This report, approved 2 Oct
1980, recommended the application of Section 111, PL 90-483, to mitigate
shoreline damages at Wrightsville Beéch caused by the Federal" névigation
project at Masonboro Inlet. Mitigation would be accomplished by plééement
of dredged sand fill on the affected shoreline in cénjunction with the
restoration of the shore protection project and the Masonboro Inlet channel

presently underway.

PL 84-99 Report, Wrightsville Beach, N.C.: This report, approved 17 January
1980, recommended application of PL 84-99 authority to provide emergency
rehabilitation to the shore protection subsequent to erosion damage suffered
during Hurricane David 4-~5 Sep 1979. Rehabilitation was cost-shared with

non-Federal interests.

Masonboro Inlet, South Jetty GDM: This memoraddum, apprdved 1 February
1978, contained an analysis of shore processes for a 19-mile segment of the
North Carolina coast from Wrightsville Beach south to Kure Beach. This

analysis specifically identified the north jetty at Masonboro Inlet as

11



inducing a net sand deficit at erghtsvxlle Beach of 155,000 cubic yards per
year, and 184,000 cubic yards per year along Masonboro Island “and raised
the issue of possible app11cab111ty of Section 111 (PL 90 483) authority to
Wrightsville Beach.

Unfavorable Report: A report on hurricane protection, Bogue Inlet to Moore
Inlet, North Carolina (House Document No. 480/89/2) transmitted to Congress
in August 1966, found hurricane protection .to be of no public benefit along
the undeveloped islands within the study area. However, there has been an
increase in residential and commercial development (Holiday Inn Motel
constructed at location of Moore Inlet which was closed in 1965 by private
developers and Islander Condominium constructed just south of old Moore
Inlet). The increased development ‘and increa‘sedv recreational activity have

caused the public interests in seeking remedial measures for the study area.

Wrightsville Beach Hurricane Protection Projeét: The report on a hurricane
protectioﬁ study of Wrightsville Beach, North Carolina (House Document No.-
511/87/2) transmitted to Congress in August 1962 recommended the authorized
and completed berm and‘ dime project at Wrightsville Beach. This project
extends from Masonboro Inlet to the northern town limit, a distance of
14,000 feet. Since completion of the project, the northern town limit has
been extended 2,800 feet which has prompted the request by locals for an

extension of the berm and dune project.

Masonboro Inlet and Connecting Channels: The report on a navigation study
of Masonboro Inlet and Connecting Channels (HD 341/81/1) transmitted to
Congress Sep 1949 recommended the currently authorized project. The north

jetty was completed in 1966. The south jetty was completed in 1980.
Socioeconomic Resources

The following is an overview of economic and social conditions of New

Hanover County, the socioeconomic study area. Both Wrightsville Beach and

the city of Wilmington, North Carolina's largest coastal city and port, are

situated in New Hanover County. With 1its largely urban character, New
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Hanover County is the primary market for Wrightsville Beach day use.

Base Socioeconomic Conditions. The population of New Hanover County grew at

an annual rate of 2.2 percent during the period 1970-1980, reaching 103,471
in 1980, and having a population density of 559.3 per square mile. For the
period 1970-1975, net migration was +10.8 percent. In 1970, the percentage
of urbanization in New Hanover County was 69.5, less than the United States

average of 73.5, but greater than the North Carolina average of 45.0.

In 1970, the median education level for persons 25 years old and over in New
Hanover County was 12.0. The percentage of high school graduates in the

group was 50.

In 1978, per capita income in New Hanover County was $6,728, slightly higher
than the North Carolina per capita income of $6,640. During the period
1970-1978, real per capita income increased at an annual rate of 2.81
percent.‘ In 1979, the civilian labor force numbered 46,490, of which 43,690
persons were employed and 2,800 persons, or 6 percent were unemployed.
During the period 1970-1979, employment in New Hanover County grew at an
annual rate of 3.45 percent, a growth rate higher than the 2.2 percent for
population. In 1979, 24 percent of all employed persons in New Hanover
County worked in manufacturing industries. Of the 76 percent in
nonmanufacturing industries, one-third worked in the trade industry, and

one-fourth worked for a government.

The 1980 permanent population of Wrightsville Beach was 2,910, a 71.1
percent increase over the 1970 permanent population, 1In 1980; the estimated
summer population was 8,024, excluding day visitors.

Natural Resources

During the course of this study, significant resources were identified and

evaluated as follows:
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Seashore Area.

Within the town limits of Wrightsville Beach, there are many acres of high
quality seashore area available for recreation activities, i.e., sunbathing,
surf fishing, walking, jogging, bird watching, shell collecting, etc. This
intertidal zone also serves as habitat for an invertebrate community adapted
to the high energy s'andy beach enviromnment. The organisms which make up
this community, i.e., mole crabs, coquina clams, amphipods, isopods, and
polychaetes, are an important food source for surf feeding fish populations
such as flounder, croaker, red drum, black drum, spot, northern kingfish,

and pompano.

Invertebrate Species Occurring in Borrow Areas.

Masonboro Inlet and the portions of Banks Channel south of channel marker 14
are conéidered to be prime borrow sites because of the excellent composition
of the sediment and sparse populations of benthic invertebrates. Both of
these sites were used to obtain the nourishment materigl for the restoration
project undertaken during the winter of 80/81. Prior to that dredging,
common macroinvertebrates inhabiting these areas included the hemichordate

worms, Balanoglossus auranticus and Saccoglossus kowlevskii, the razor clam

Ensis directus, the bivalves Dosinia, Tellina, and Mercenaria mercenaria

(U.8. Fish and Wildlife Service, 1979). Sampling of these areas has not -
occurred since the dredging took place; however, it can be safely assumed
that populations of benthic invertebrates have begun to recolonize the areas
although they may have different levels of abundance and di fferent community
structures. “Due to the shifting sand bottom and past history of disturbance
at these ;sit_’e,_s (for maintenance dredging of navigation projects as well as
for beacfx‘_-n’burishments), it is ‘unlikely that they have been able to

establish staibl'eAb»e__'nthic communities in recent years,

Water Quality.

The water quality in ‘the vicinity of the borrow sites is good.';.' Banks
Channel has a classification of SB (suitable for bathing). Masonbd:o Inlet
has a classification of SA (suitable for shell fishing for market purposes).

The high quality off'the!'r,:vyater in these areas can be attributed ‘to. tidal
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flushing and distance from any major pollution sources. The town of

Wrightsville Beach prohibits the use of septic tanks,

Nonpoint pollution sources on Wrightsville Beach are”nof‘éonsidered to be a’
major problem. Storm water from the community is removed by a separate
storm drainage system which drains into the surrounding waters. Each storm
water drain inlet structure has a trap for silt, grit, and trash, which is
periodically cleaned and the debris treated as solid waste. Less than 10
percent of the rainfall that falls on thé-town enters the system due to the

high absorptive capacity of the soils.

Fisheries Resources.

Recreational and commercial fishing in the vicinity of Masonboro Inlet and
Banks channel are significant. These areas support both sport and
commercial fisheries for such common saltwater finfish as black drum,
croaker, pigfish, red drum, flounder, spot, black seabass, and bluefish. In
addition, blue crab and penaeid shrimp are fished for both commercial and
recreational purposes. Among other sport fish in the surf zone, northern
kingfish, pompano, and spot are actively fished for, both from the beach and
the two fishing piers located at Wrightsville Beach, Nearshore waters

support an abundance of king mackerel, Spanish mackerel, and cobia.

Endangered Species.

Informal consultation as delineated in Section 7(c) of the Endangered
Species Act of 1973, as amended, has been concluded with the Fish and
Wildlife Service and National Marine Fisheries Service. The following list

of species was considered in the biological assessment process:

-
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Brown pelican (Pelicanus occidentalis)-E

Florida manatee (Trichechus manatus)-E

Blue whale (Balaenoptera musculus)-E

Finback whale (Balaenoptera physulus)-E

Humpback whale (Megaptera novaeangliae)-F

Right whale (Eubalaena spp)-E

Sei whale (Balaenoptera borealis)-E

Sperm whale (Physeter catadon)-E

Kemps ridley sea turtle (Lepidochelys kempi)-E

Hawksbill turtle (Eretmochelys imbricata)-E

Leatherback turtle (Derimochelys coriacea)-E

Shortnose sturgeon (Acipenser brevirostrum)-E

Loggerhead turtle (Caretta caretta)-T

Green turtle (Chelenia mydas)-T°

Cultural Resources.

A cultural reéources survey of .Masonboro Inlet and Masonboro Island was
conducted 1in connection with the construction of the South Jetty at
Masonboro Inlet. buring the exploratory phase of this survey (October
through November 1977), five major magnetic anomalies were recorded. Two of
the five are located in the vicinity of the Masonboro Inlet borrow area.
During April and May 1978, the N.C. Division of Archives and History made
additional examinations of these two sites using a hydraulic probing device.
By this method, it was determined that one of the sites is probably the
remains of a relatively modern vessel lying below a plane of -14 feet m.l.w,
although it is possible that the medern vessel is positioned over a site of
earlier vintage. The other site was probed to a depth of -20 feet m.l.w.

without encountering the anomaly (Watts et. al.).

The Banks Channel borrow site is not considered to offer any potential for
submerged cultural resources as it was dredged below the depths which will
be required for continued maintenance during initial project construction;

therefore, all of the sediments in the area are of recent origin.
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Terrestrial Resources.

Within the study area, the most significant terrestrial resources occur on
the undeveloped portion of Shell Island and on the manmade and natural
estuarine islands which occur in Wrightsville Sound. These areas offer the
only significant sites of natural vegetation communities available for

terrestrial wildlife.

An extensive, stable dune system comprises the undeveloped portions of Shell
Island. Vegetated principally with grasées, its value to some species of
wildlife is limited. Data on wildlife utilization of the area is sparse;
however, the data which does exist indicates that Shell Island offers good

habitat for many species of birds and small mammals.

Most of the manmade and natural estuarine islands of the area are heavily
vegetated with shrubs and small trees. These islands are heavily used by
marsh foraging mammals and birds. Unvegetated manmade islands have been
heavily used in the past by colonially nesting seabirds; however, this use
has tapered off in recent years due to the confinement of dredged material
disposal to just a few locations, thereby permitting most of the previously

bare sand islands to vegetate.
Wetlands.
Wetlands are extremely abundant in the study area with about 70 percent of

its 2,800 acres being salt marsh and tidal creeks. The marshes of the area

are comprised principally of Spartina alterniflora. The transition zone

between the salt marsh and upland areas is dominated by Spartina patens with

interspersed patches of Distichlis spicata, Salicornia virginica, and

Borrichia frutescens. These wetlands are very . important to the marine

resources and wildlife of the study area due to their high primary
productivity and refuge/foraging value: Whlle no st‘udieé' are known to have
been done on the productivity of the sal.'ti"".;‘matshes of the study area, the
productivity for such marshes generally falls in the range of 329 to 1,296
dry wt/m2/yr (Keefe 1972). When this 1s ‘combined with the additional
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productivity of approximately 100g carbon/m%/yr for = phytoplanktdn
(Thayer 1971) and ‘approximately 200g carbon/m%/yr for benthic microalgae
(Peterson and Petefsqn 1979), the high productivity of these systems becomes

apparent.
Condition if mo Federal Action is Taken

The purpose of this report section is to examine the differences between the
base condition of the-study area's significant resources and future condi-
tions, based 1qhQ §xi$ting trends, scientific judgments, and economic
projéctions. ' Thié report section provides a basis of comparison for
evaluating the.impact of any plans of improvement which ultimately emerge

from the study.

The base condition for analyzing the authorized Shore and Hurricane Wave
Protection project is that the project, as originally requested, was for
Federal aid for periodic nourishment for a 10-year trial basis. At the end
of the 10 years the project would be reexamined to determine the technical
viabilitykof periodic nourishment and to determine if Federal participation
in periodic nburishmenﬁ3is the most efficient and economic solution. The

future condition of the ﬁroject is described below.
" Future Condition at Masomboro Inlet
Estimates indicate that the 60,000 cubic yards of sand, as determined in the

shore processes analysis to be a navigation project responsibility, will be

placed along the shorelinqigf Wrightsville Beach on an average annual basis

by the Federal ,Governmenﬁ.ﬂ? (See plate 8 for details on the navigation

project.)
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Future Condition of Natural Resources

It is estimated that the Shore and Hurricane Wave P-r:o-tection_project will
suffer an average annual deficit of 70,000 cubic yérds of.  sand. This
deficit will equal the total annual erosion rate minus the annual rate of
material placed as a navigation project responsibility. It is important
that the design profile for the berm and dune be maintained to provide
maximum storm protection. The authorized Shore and Hurricane - Wave
Protection project was formulated for storm protéction. It was designed to
protect against wave action from a 35-year storm. This. berm width 1s in

excess of what is needed to support recreational benefits claimed.
Future Condition of Socioeconomic Resources

Accompanying the annual deficit of sand on Wrightsville Beach will be an
annual decrease in the remaining level of shore. protection, and - a corre-
sponding decrease in the width of public beach available for recreation.
Thus, damages associated with the existing conditions can be expected to
occur in the future. However, as discussed below, beach use demand in the

Planning Area is projected to increase.

The 1990 through 2035 projections of populations, employment, and per capita
income presented below are based on draft (1982) county disaggregations of

State OBERS projections for North Carolina.

TABLE 1
New Hanover County
Year 1990 2000 2010 2020 2030 2035
Population 117,588 1 129,814 140,359 | 149.658| 157,520 161,658
Employment 57,582 63,701 68,075 69,245} 70,552 71,221
Per Capita Income 6,246 7,905 9,869 11,817 14,323 15,842

(in 1972 dollars)

Wrightsville Beach
Year , 1990 2000 2010] 2020 2030 2035
Beach Day Visitation 593,200 | 878.000 | 1,299,700 1,512,90( 1,512,900 1,512,900
(Armual User Days) : ’
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Problems, Needs, and Opportunities, -

Based on the public concerns identified previously, there exists a need for
shore protection improvements in the form of continued beach nourishment at
Wrightsville Beach. This need has been verified through the analysis of

~existing conditions described briefly in the previous report section.

" The concerns of agencies and individuals having -interests and
responsibilities related to environmental quality have also been verified.
Studies by the Wilmington District, as well as the U.S. Fish and Wildlife
Service indicates that the area does indeed possess significant natural
resources which are important to the Nation's continued environmental

quality.
Planning Objective

Based on the public concerns identified;p;@y@éﬁsly, and verified through an
analysis of existing and probable future conditions, there 1s a need for
shore protection at Wrightsville Beach. Therefore, shore protection at

Wrightsville Beach is the planning objective.

The problem of estuarine.shoreline erosion was a Stage I planning objective
that was evaluated during Stage II, resulting in the following findings:  a
field survey showed that 71 percent of the shoreline bordering development
was stabilized by some form of structure; the shoreline is privately owned;
erosion of the unstabilized portions of the shoreline has largely been
attributable to the effects of boat wakes; the Wildlife Resource Commission
of North Carolina has the enforcement authority for no-wake zones; model
studies at Masonboro ‘Inlet indicated that velocities .in Banks Channel were
not increased enough by channel dredging to éccount for erosion experienced.

Therefore, this planning objective was dropped during Stage II.
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Problems, Needs, and Opportunities

Based on the public concerns identified previously, there exists a need for
shore protection improvements in the form of continued beach nourishment at
Wrightsville Beach. This need has been verified through the analysis of

existing conditions described briefly in the previous report section.

' The concerns of agencies and  individuals having - interests and
responsibilities related to environmental quality have also been verified.
Studies by the Wilmington District, as well as the U.S. Fish ana Wildlife
Service indicates that the area does indeed possess significant natural
resources which are important to the Nation's continued environmental

quality.
Planning Objective

Based on the public concerns identified;ppeyiépsly, and verified through an
analysis of existing and probable future conditions, there is a need for
shore protection at Wrightsville Beach, Therefore, shore protection at

Wrightsville Beach is the planning objective.

The problem of estuariné.shoreline erosion was a Stage I planning objective
that was evaluated during Stage II, resulting in the following findings:  a
field survey showed that 71 percent of the shoreline bordering development
was stabilized by some form of structure; the shoreline is privately owned;
erosion of the unstabilized portions of the shoreline has largely been
attributable to the effects of boat wakes; the Wildlife Resource Commission
of North Carolina has the enforcement authority for no-wake zones; model
studies at Masonboro Inlet indicated that velocities in Ranks Channel were
not increased enough by channel dredging to éccount for erosion expéfienced.

Therefore, this planning objective was dropped during Stage II.
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SECTION III - FORMULATION OF PRELIMINARY PLANS

Formulation of plans to address the planning objective is the second of the
four functional planning tasks described in the introductory section of this
report. This section consists of three parts: (1) Management Measures,
which describes the general approaches which might be used in addressing the
planning objective; (2) Plan Formulation Rationale, which describes the
basic assumptions and procedures used; and (3) Analysis of Preliminary
Plans, which analyzes the plans considered and identifies those which should

be retained for future consideration.

Management Measures
There are essentially two categories of management measures available to
address the need for shore protection improvements at Wrightsville Beach.
These consist of (1) structural alternatives, and (2) nonstructural
alternatives.
The preliminary plans described in the following report sections include
both structural and nonstructural alternatives, as well as a display of the
economic advantages and disadvantages of each.

Plan Formulation Criteria

As noted previously, there exist two basic categories of management measures

to address the planning objective: structural and nonstructural improve-
ments. Preliminary plans based on these measures were developed and
evaluated within a framework of Plan Formulation Criteria. These are set

out below, followed by a description of the preliminary plans considered.

Technical Criteria.

1. Berm and dune designs were based on the design used for the existing
shore protection project which was just recently renourished (April 1981)

and is at the design level of protection.
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Economic Criteria.

1. Plans 1A, 1B, 2, 3, 3A, and 4 were not updated from Stage II deﬁelopment

because their benefit-cost ratios were far below unity (0.44 or less).

2. For Plan 5, an interest rate of 7-7/8 percent and a period of analysis
of 50 years were used for computation of benefits and costs. The base year
is 1987 and October 1982 price levels were used. As explained previously,
the southern 5,000 linear feet of the authorized berm and dune project is
projected to remain stable even if Wrightsville Beach does not receive any

additional artificial nourishment.

3. Any alternative, to be considered implementable, must produce economic

benefits which exceed economic costs.

Environmental and Other Criteria.

No commitment of resources will be made until required permits and

entitlements have been obtained.
‘Description of Preliminary Plans

The preliminary plans‘ presented in this report section were formulated
utilizing both categories of management measures described previously:
structural and nonstructural alternatives. Also, the preliminary plans
varied in -scope in that one plan included an evaluation of the existing
shore protection project, another plan included a nonstructural analysis for
Wrightsville Beach, while the remaining plans included both structural and
nonstructural analysis for protection along the northern 2,800 feet of
Wrightsville Beach which is presently unprotected. 1In all cases, the plan
formulation criteria described previously were utilized in‘determining the

economic, environmental, and technical feasibility of each plan.

Plans 1A, 1B, 2, 3, and 3A - Extension of the Authorized Shore Protection

Project Northward.
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Plan \;-A provides for the extension of the authorized shore protection
projecf*northward, a distance of about 2,800 feef, to protect the developed
area immediately north of the existing project limits, The berm and dune
fill would be constructed seaward of the present town building line along
that section of shore (see plates 1 and 3). The benefit-to-cost ratio for
this plan is 0.23, therefore, this plan is not economically feasible and is

not recommended for further consideration.

Plan 1-B extends the authorized project northward the same distance as Plan
1-A, but requires the relocation of the building line and the oceanfront row
of structures. This action would result in a less bulbous shoreline
configuration, reducing erosion losses relative to Plan 1-A. 1In both Plans
1-A and 1-B, the proposed dune extension would tie into the existing natural
dune to the north (see plates 2 and 3). The benefit-to-cost ratio for this
plan is 0.24, therefore, this plan is not economically feasible and is not
recommended for further consideration.
|

Plan'Z. This plan combines the basic features of Plans 1-A and 1-B, with a
requirement that aﬁy future development in the presently undeveloped section
of the barrier island be required to locate landward of a proposed building
line for the area. (See plate 4.) This plan was formulated with the intent
that by proper planning and land management, the development of the rest of
the Shell Island section could occur in a manner which maximized the avail-
able natural shore protection offered by the stable beach and large-primary
dunes, and thus precluded the need to consider further extension of the
authorized shore protection project. This plan would have required that the
Town of Wrightsville Beach, through its planning and zoning jurisdiction,
establish the recommended building line as a condition for the project
extension considered in Plan 1. 1If the regulatory approach to this question
was found to be contrary to Corps policy, then an alternate approach would
be considered. In this approach, an alternate site development plan would
be formulated and evaluated to demonstrate that the site could be developed

to the same or greater density (and profit) as envisioned by the owner/
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developers, and yet in a manner which did not encroach on the large dunes
which provide the last line of defense during storm events.

Since Plans 1-A and [-B were found not to be economically feasible, Plan 2
will not be considered further in this investigation. However, all
technical information developed by the Wilmington District in the course of
formulating and evaluating Plan 2 will be presented to the town of
Wrightsville Beach. If the town is successful in efforts to establish the
recommended building line, no future need of extension of the authorized

project will occur.

~Plan 3. This plan combines the basic features of Plans 1-A and 1-B, with a
recommendation that the entire presently undeveloped section of Shell Island
be acquired for preservation in its natural state. (See plate 5.) Like
Plan 2, Plan 3 was formulated to fulfill a planning objective, namely
protection and enhancement of environmental and esthetic qualities of the
remaining undeveloped section of barrier island in the study area. This
objective derived from local citizen concerns, as well as from specific
guidelines applicable to the conduct of Federal water resource planning
investigations, In particular, 33 CFR, Part 239, "Implementation of
E.0. 11988 on Floodplain Management' states in Section 239.6, "Objectives of

the Order" that:

"the Fxecutive Order has as an objective the avoidance. . . of long and
short term adverse impacts associated with the occupancy and modifica-
tion of the base floodplain. . . whenever there is a practicable alter-
native. The Corps is required to provide leadership and take action to:
[a] avoid development in the base floodplain unless it is the only
practicable alternative.

[b] reduce the hazard and risk associated with floods.

[c] minimize the impact of floods on human safety, health and welfare.
[d] restore and preserve the natural and beneficial values of the base
floodplain." [underlining added for emphasis]

Additionally, it was considered that a scheme such as Plan 3 would be
directly responsive to meeting the National objective of FEnvironmental
Quality, and thus be a candidate EQ plan for this investigation. 1In this

regard, the acquisition of the remaining undeveloped barrier island would be
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considered a '"separable EQ measure to meet established planning objectives,"
as outlined in ER 1165-2-28. This ER further states that "such separable EQ
measures for Corps implementation must be related to, or take advantage of,
opportunities created by a water resource development to be recommended for
implementation by the Corps of Engineers." Had the authorized project
extension considered in Plans 1-A or 1-B been found feasible and thus "a
water resource development. . -. for implementation by the Corps," then the
preservation of Shell Island could have been evaluated as a ''separable EQ
measure" of the overall plan. However, because Plans 1-A and 1-B were found
to be infeasible, the linkage between the 'recommended water resource
development” and the "separable EQ feature" no longer existed. Therefore,

this plan will not be considered further in this investigation.

Plan 3-A. This plan was developed as an alternative to total preservation,
which presumes a minimum level of disturbance and human activity in the
area. (See plate 5.) Under Plan 3-A, the undeveloped Shell Island area
would be acquired and managed for recreation use, which provides NED
benefits not obtained in Plan 3, The estimated annual recreation benefit
could then be compared to the equivalent annual cost of acquiring the land
and managing it for recreational use. The benefit-to-cost ratio for this
plan is 0,44; therefore, this plan is not economically feasible and is not

recommended for further consideration.
Plan 4 - Nonstructural Flood Damage Reduction Measures

Plan 4. This plan involves the application of nonstructural flood damage

reduction measures to existing development within the study area. The plan
was formulated with the intent of providing protection against inundation
damages accompanying up to a 100-year flood for every structure in
Wrightsville Beach. The basic stage frequency relationship used in develop-
ing this plan is the N.0.A.A, curve of total tide height (feet m.s.l.)
versus return period in years (see Plate 6), The still water elevation
accompanying the lOO—year storm is 13.1 feet m.s.l. The development of this
plan as one of the major areas of study effort is directly responsive to the

increasing National emphasis in water resource planning for the considera-
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tion of nonstructural approaches to flood damage problems. The benefit-to-
cost ratio for this plan is 0.36; therefore, this plan is not economically
feasible and is not recommended for further consideration,

Plan 5 - Evaluation of the Completed Shore Protection Project

Evaluation of Completed Shore Protection Project. This evaluation was added

as a study objective during the latter part of this investigation, in view
of the fact that authority‘for further Federal contribution toward the cost
of project nourishment expired with the recently completed (April 1981)
restoration. This expiration was in accordance with the terms of project
cost sharing as specified in the original authorization (H.D. 511,
PL 87-874, 22 October 1962) but 1inconsistent with Federal shore protection
projects authorized after 1975. Since that date, Federal participation in
the cost of beach nourishment has been authorized for project life. This is
an analysis of the existing Wrightsville Beach shore protection project with

respect to two basic areas, namely:

o Study Area Shore Processes - specifically, a determination of the
present erosion rate at Wrightsville Beach and the relative magnitudes of
the factors which contribute to the erosion problem.

o Economic feasibility of continued beach nourishment for project life.

Economic Evaluation: Costs. As indicated earlier, the primary purpose of

the shore processes analysis is to establish a better quantification of the
causative factors related to the erogion of the shore protection fill,

namely:

(1) Erosion attributable to the effects of the Masonboro Inlet naviga-
tion project (specifically, the jetties) iﬁ reducing the rate of natural
sand bypassing to Wrightsville Beach. The placement of this 60,000 cubic
yards of sand onto Wrightsville Beach will be considered an annual cost in

the operation of the navigation project.

26



(2) Erosion attributable to the previously described unstable, convex-
seaward alignment of the shore protection project which is estimated to be

41,000 cubic yards of sand per year.

(3) Erosion attributable to natural processes. This will be equal to
the historic¢ erosion rate prior to man-induced changes at Masonboro Inlet
and Wrightsville Beach which is estimated to be 29,000 cubic yards of sand

per year.

The total of the erosion rates determined for items (1), (2), and (3) is
130,000 cubic yards and the average annual quantity of sand required to
maintain the shore protection project at the design level of protection.
Item (1) will be a navigation project cost. The sum of items (2) and (3),
the alignment-related and natural erosion components, respectively, will
represent the average annual quantity of sand allocated as a responsibility
of the shore protection project. The cost of replacing the latter qﬁantity
of sand will then represent the equivalent average annual cost of nourish-
ment for the project life. Discussion of the average annual costs to be
allocated to the shore protection project will be presented first, followed
by a discussion and 'summaty of the benefits derived from continued project

nourishment,’

There are two additional terms used in the following discussion which should
be defined to avoid confusion, The "with project" condition is defined ds
the continued existence and nourishment of the authorized shore protection
project for project ‘life. The completion of the recent restoration effort
(April 1981) is considered the start of the period for this analysis. The
project is presently considered to be at its full authorized level of

protection. The "with project" condition assumes that all erosion losses

will be replaced.

The "without project" condition is defined as that which would occur in the
absence of future nourishment allocated to the shore protection project.

This condition assumes that:
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o The authorized project is at the design level of protection at the

completion of the most recent beach renourishment (April 1981).

o 60,000 cubic yards of sand, as determined in the shore processes
analysis to be a navigation project responsibility, will be placed along the

shoreline of Wrightsville Beach on an average annual basis.

o The shore protection project will suffer an average annual deficit of
70,000 cubic yards of sand. This deficit will equal the total annual
erosion rate minus the annual rate of material placed as a navigation

project responsibility.

Accompanying the annual deficit of sand on Wrightsville Beach will be an
annual decrease in the remaining level of shore protection, and a corre-
sponding decrease in the width of public beach available for ‘recreation,
The difference between the average annual damages with project and the
average annual damages without project (in which damages increase with time
as the remaining level of protection decreases) 1is the annual damage
reduction benefit for continued project nourishment. Similarly, the
difference between recreational use with project and usé without project 1is

the basis for determining the average annual recreation benefit.

The annual cost of nourishment allocated to the shore protection project was

determined in the following manner:

o Determine the cost of the first sand bypassing operation from

Masonboro Inlet to Wrightsville Beach (1987).

o Determine the cost of future sand bypassing operations‘ from Masonboro

Inlet to Wrightsville Beach.
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o Determine the number of such operations required for the remaining

project life,

‘o Discount the cost of each future sand bypassing operation to arrive at

present worth.

o Separate out those costs associated with maintenance of the hurricane

flood protection portion of the project.

o Multiply the total present worth of future bypassing by the

appropriate I&A factor to determine the equivalent average annual cost.

o Apply the appropriate percentage to determine that portion of the
gTross avefage annual coest of sand replacement allocated to the shore
protection project. The balance is thus allocated as the average annual

cost of bypassing to be charged to Masonboro Inlet navigation project.

TABLE 2A

Cost Estimate, First Sand Bypassing at Masonboro Inlet in 1987
Criteria: ’
Annual gross erosion rate: 130,000 cubic yards/year
Years .to first bypassing operation: 6
. "Bypassing charged to Masonboro Inlet navigation project is
being accomplished and one will be scheduled concurrently
with. shore protection project bypassing in 1987
Quantity to be dredged, first operation:
Assigned to shore protectioy project:

(140,000 CY + 280,000 cy)l 420,000 cy
Assigned to navigation project: 120,000 cy
Total . 540,000 cy

Dredge: - 18 inch

Maximum length pipeline: 20,000 fee /

Unit Cost: $4.28/cubic yard inplace™

Dredging Cost: (540,000 cubic yards @ $4.28) $2,311,000

Vegetative Maintenance 8,000
Mob. & Demob. (l.s.) ' 259,000
Subtotal 2,578,000
Contingencies (20%) 516,000
Subtotal ' $3,094,000
E&D s ' 37,000
S&A 173,000
Total ‘ $3,304,000
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1/

= The first operation assigned to the shore protection project will
include the initial placement of 140,000 cubic yards required at 2-year
intgrvals and all periods of maintenance missed since project restoration in
1981.

2/ Unit cost is based on the contract cost (24 October 1980) for the
1981 beach restoration at Wrightsville Beach updated to October 1982 price

‘levels using programming price level update factors for contract dredging

(pipeline) which includes beach erosion control projects. Factor for 1980

to 1981 is 1.15 and 1.07 for 1981 to 1982,
Annual costs for maintenance of the hurricane flood protection portion of
the project is based on values reported in the Design Memorandum for the

original project (see page 8 of this report) and are:

Hurricane Flood Protection Maintenance Costs

Annual berm maintenance: 5,600 cy @ $4.28 = $24,000

Annual dune maintenance: 1,000 cy @ $4.28 = 4,000
Annual vegetative maintenance: 4,000
Total . : $32,000
Total for 2-year intervals $64,000

The cost allocation for the first bypassing operation is:

$ 734,000

Navigation Project (120,000 cy/540,000 cy X $3,304,000) =

Hurricane Flood Protection ($32,000 X 6 yrs) = 192,000
Beach Erosion (remaining costs) = 2,378,000
Total $3,304,000
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TABLE 2B

. Cost Estimate, Future Sand Bypassing at Masonboro Inlet
Criteria:
Annual gross erosion rate: 130,000 cubic yards/year
Bypassing operation interval: 2 years
Quantity to be dredged, each operation: 260,000 cy
Dredge: 18 inch
Maximum length pipeline: 20,000 feet
Unit Cost: $4.28/cubic yard inplace
Dredging Cost: (260,000 cubic yards @ $4.28) $1,113,000

Vegetative Maintenance 8,000
Mob. & Demob. (1.s.) 259,000
Subtotal - -$1,380,000
Contingencies (20%) : 5 - 276,000
. Subtotal .-$1,656,000
E&D -7 37,000
S&A _ . 93,000

Total ‘ ' : - - $1,786,000

The cost allocation for future bypassing operations'isiﬁ

Navigation Project (60,000 cy/130,000 cy X $1,786,000) < 5 824 000
Hurricane Flood Protection ($32,000 X 2 yrs) = 64,0000

Beach Erosion (remaining costs) 22 898,000
Total »:$1 786 000 

It was estimated that a total of 25 sand ‘bypéSSiﬁg _operations- to
Wrightsville .Beach would be required at 2-year in;eryalé during the'ptoject
. life. Finally, the average annual cost allocated £o the_authofized,shore

protection project for hurricane flood protection and beach erosion is:

TABLE 3
Summary = Annual Cost of Nourishment
Allocated to Shore and Hurricane Wave Protection Project

Hurricane Flood Pfotection ' @ 7-7/8% Interest

($192,000 + ($64,000)(5.948078))(0.08057) = § 46,000

Beach Erosion

($2,378,000 + ($898, ooo)(s 948078))(0 08057) = 622,000
Total : $668,000
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Economic Evaluation: Benefits. The three basic categories of benefits
generated by the shore protection project and evaluated in . this
investjgation are beach erosion control, flood damage reduction, and

recreation.

Beach Erosion Control. Benefits for beach erosion control include the value

of land and improvements that would be lost to erosion. The average annual
value of the land losses would be $225,700. The average annual value of

structures lost to erosion would be $209,300.

Flood Damage Reduction. Flood damages as a function of storm return

interval were computed for the preproject shoreline condition and for the
Authorized Project with continued maintenance (1981) condition. The results

are shown below:

Average Annual Damages for Preproject §575,400
Shoreline Cordition '

Average Annual Damages for Authorized $300,400
Project With Continued Maintenance Condition

Average Annual Flood Damage Reduction with S275;000
Authorized Project and Continued Maintenance

If the authorized projéct is not maintained, ‘and after considering the
average annual erosion rate and the resulting 1oséés, the average annual
. flood damage reduction benefits for the 50-year period of analysis would be

$169,500.

The increased real value of damageable residential contents in the future
was projected using the projected growth ratezof per capita income. After
considering the residential structures lost to erosion during the 50-year
period of analysis, the average annual flood damage reduction benefits
related to the projected increased value of residential contents would be
$35,300. Total flood damage reduction benefits would be $204,800 ($169,500
+ 35,300).
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Recreation. The unit day value evaluation procedure for‘aetermining recrea-
tion benefits was selected, and a unit day value of $3.20 was established.
A maximum daily capacity of 22,500 was determined, and the total number of
days used in a beach season was 90. Beach use demand was projected to
exceed parking capacity in the year 2011. Benefits were projected to begin
" in the year 2003, when projected beach use demand would first exceed the
-¢apacity of the southern 5,000 linear feet of beach projected to remain
‘'stable. Benefits would increase yearly as demand increases until the year
2011 when parking capacity 1is reached. From that point through the
remainder of the 50-year period, benefits would remain the same.

Recreational visitations and values are shown below:

" Year Unit Day Value Visitations Recreatidﬁél Value
2003 $3.20 3,754 $ 12,013
2010 L $3.20 360,365 $1,153,168

2011 . $3.20 387,900 §1,241,280
The average annualfyalue of the recreation benefits wohidgbe?$270,500.

Table &4 presents .a  summary of the benefits and costs associated with

continued maintenance of the authorized berm and dune project. ' -
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TABLE 4

Benefit-Cost Summary

Continued Maintenance of Wrightsville Beach

Berm and Dune Project

50-Year Period of Analysis, 7-7/8 Percent Interest Rate

Benefit Category
Beach Erosion Control: Land
Structures
Flood Damage Reduction
Increase in Value of Residential Contents
Recreation
Total Average Annual Benefits

Total Average Annual Costs

Benefit-to-Cost Ratio

34

Average Annual Benefits

$225,700
209,300
169,500
35,300
270,500
$910,300

$668,000

1.36
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SECTION IV -~ ASSESSMENT AND EVALUATION OF DETAILED PLANS
Based on the economic analysis summarized in the preceding report section,
Plan 5 is the only plan retained for detailed considerations, This section
of the report consists of impact assessment and evaluation of the detailed

plan.

Impact assessment, task three of the four functiohal planning tasks
described in the introductory section of this report, is primarily an
objective analysis conducted to identify and measure the likely economic,
social, and environmmental impacts expected to result from implementation of

the detailed plan.

Evaluation, task four of the. funcfional planning tasks, involves an analysis
of the acceptability of the plan to the concerned public, and its contribu-
tion to fulfillment of the planning objective. Also, the plan's contribu-
tion to the national economic development, the national environmental

quality, and other considerations of national importance must be evaluated.
Impact Assessment .

The impact of Plan 5 on each of the study area's significant resources,

identified in the earlier section of the "Existing Conditiohs,' is described

below.

Impact to Socioeconomic Resources.

Continued maintenance of the existing shore proteétion. préjecq; at
Wrightsville Beach will have a favorable impact on the regional economy due
to recreation . and prevention of land loss and loss to :property. Those
categories of Benefifs, which were used for _economic analysis in the

preceding evaluation of preliminary plans are described below.

'Flood Damage Reduction - Physical damages from water action will be reduced.

Flood damages to increased real value of residential contents in the future
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will be reduced to the extent that residential structure damages are reduced
and residential structures lost to erosion are prevented by the continued

maintenance of the project.

Beach Erosion Control - Physical loss of land and improvements due to

erosion will be prevented by the continued maintenance of the project.

Recreation - reduction 1in beach area available for recreation will be pre-

vented by the continued maintenance of the project.

Impact on Natural Resources.

Thelimpact of Plan 5 to each of the area's significant natural resources is
described in the "Existing Conditions" section as well as in the "Environ-
mental Assessment" section of this report. Based on the impact analysis
presented in_'Section 4,01 of the "Environmental Assessment,”" it was
determined that the impacts to the aforementioned significant resources will
be minor and temporary in nature.

n

Evaluation of Detailed Plan

The purpose of this report section is to evaluate the effectiveness of the
detailed plan in meeting the planning objectives for shore protection at
Wrightsville Beach. Also, under current water resource planning authorities

‘and related -laws, certain other effects must also be evaluated.

Contribution to Planning Objective.

The Detailed Plan described in this study, Plan 5, would provide continued

shore protection at Wrightsville Beach.

Public Views.

Public'views were obtained through the 18 April 1978 meeting, as well as

numerous informal contacts with the concerned public during plan
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formglation. Also, coordination has been accomplished with the Federal and
State agencies having specific interests in the resources likely to be
impacted by Plan 5. -Coordination of this project will continue through
distribution of this draft Feasibility Report and Environmental Assessment.

Local interests support Plan 5 and Federal and State agencies consulted
during plan formulation are considered to regard the plan as environmentally

acceptable,

Summary Comparison of Alternative Plans.

Table 5 on the following pages presents a "Summary Comparison of Alternative
Plans." This table presents an analysis of Plan 5 and the "No Action"

condition.

Included in table 5 are the "Four Accounts" which current water resources
planning guidelines required be appraised for any plan considered for
implementation. These accounts are: National Economic Development (NED);
Environmental Quality (EQ); Regional Economic Development (RED); and Other
Social Effects (OSE). These four accounts encompass all significant effects
of a plan on the human environment as required by the National Environmental
Policy Act of 1969. They also encompass social well being as required by
Section 122 of the Flood Control Act of 1970. Each account shows particular
effects on the human environment. The EQ account shows effects on
ecological, cultural, and esthetic attributes of significant natural and
cultural resources. The OSE account shows community impacts and effects on
life, health, and safety. The NED account shows effects on the national
economy . The RED account shows the regional incidence of NED effects,
income transfers, and employment. Contributions to, and detractions from,

these four accounts are shown in table 5 on the following pages.
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PLAN DESCRIPTION

SIGNIFICANT IMPACTS

TABLE 5

SUMMARY COMPARISON OF ALTERNATIVE PLANS

PLAN EVALUATION

1.

CONTRIBUTION
TO PLANNING

PLAN 5

Continued maintenance of
the existing Shore
Protection Project.

Maintain the present
level of shore protection.

Maintain the present design
beach as it presently
exists for maximum
recreation benefits,

Provides required shore
protection,

OBJECTIVE

RELATIONSHIP TO FOUR
NATIONAL ACCOUNTS

NATIONAL ECONOMIC
DEVELOPMENT

Beneficial Contributions

a. Beach Erosion Control

Land $225,700

Structures 209,300

Flood Damage Reduction 169,500
Increase in Value

of Residential Contents 35,300

Recreation 270,500

Total Average Annual Benefits $910,300

NO ACTION

Assume no Federal or
local action 1is taken
at Wrightsville Beach.

Annual decrease in
the remaining level of
shore protection.

Annual decrease in the
width of public beach
available for recrea-
tion.

None



SUMMARY COMPARISON OF ALTERNATIVE

NATIONAL ECONOMIC
DEVELOPMENT (Cont.)

Adverse Contributions

a. Annual Project Costs

»b. Benefit Cost Ratio

ENVIRONMENTAL QUALITY

Beneficial Contributions

Adverse Contributions

OTHER SOCIAL EFFECTS

Beneficial Contributions

a. FEnhancement of health,
safety, and community
well-being.

b. Educational, cultural,
and recreational
opportunities.

Adverse Contributions

a. Enhancement of health,
safety, and community
well-being.

b. Educational, cultural,

and recreational opportunities

REGIONAL ECONOMIC DEVELOPMENT

Benaficial Contributions

a. Increased Income

b. Increased Employment

Adverse Contributions

a. Increased Income

b. Increased Employment

PLANS--cont inued
PLAN 5 NO ACTION
$668,000 0
1.36
None None
None None

Protection against
flooding and erosion.

Increased water-oriented
recreational
opportunities,

None

None

None

None

None

Future potential
flood and erosion
damages .

Future water-oriented
recreational
opportunities will be
constrained.

Future decrease in
beach area and
recreational use will
affect income from

. recreational related

. activities.

No significant increase.

None

None
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Rationale for Designation of NED Plan and LED Plan

Based on the contribution to the four accounts presented in table 5, the
plan must be identified which produces the maximum net benefit to National
Economic Development (NED Plan) and the maximum net benefit to Environmental
Quality (EQ Plan). If no plan can be identified which produces a net
positive effect on eanvironmental gquality, the plan which 1is' the least

environmentally damaging (LED Plan) should be designated.

In this case, Plan 5 was the only detailed plan developed, due to economic
infeasibility of the other alternatives considered. This plan has a
positive benefit-to-cost ratio of 1.36. Since there is no space available
for additional parking along the project area due to the full level of
development, recreational benefits claimed are the maximum to be achieved
for the recommended plan. Therefore, the recommended plan is designated the
NED plan. Also, while Plan 5 contains no measures to enhance environmental
quality, its adverse eavironmental impacts are considered to be minor and to
be outweighed by economic benefits associated with the improvements.

Therefore, Plan 5 is also designated the LED Plan.
Rationale for Selected Plan

As established in the previous sections of this report, Plan 5 is the only
plan which would address the need for shore protection in a manner vhich is
economically feasible. Also, the environmental impacts of this plan are

considered to be minor. Therefore, Plan 5 is designated the Selected Plan.
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SECTION V - THE SELECTED PLAN

The purpose of this section is to summarize information, from the main
report and supporting appendixes, related to the Selected Plan. Information
is presented as related to the economic justification and environmental
impacts of the Selected Plan. A summary of Cost Allocation and Design and

Construction procedures is also included.

Economic Justification
Economic justification is based on the determination that economic benefits
exceed economic costs. A summary of economic costs for the Selected Plan

follows.

Economic Costs - Selected Plan,

Annual Costs.

Periodic Nourishment: $668,000.

As shown above, average annual costs for the Selected Plan are $668,000.
Average annual benefits must equal or exceed this amount if the plan is to

be considered implementable. A summary of economic benefits follows:

Economic Benefits - Selected Plan.

Benefit Categories Average Annual Benefits

Beach Erosion Control

Land $225,700
Structures 209,300
Recreation : 270,500
Flood Damage Reduction ' 169,500

Increase in Value of Residential
Contents 35,300
Total Average Annual Benefits $910,300
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As shown above, total average annual benefits equal $910,300. With average

annual costs of $668,000, the benefit-to-cost ratio is 1.36.
Allocation and Apportionment of Costs

Costs for Plan 5 will be shared by the Federal Government and the local
sponsor. However, the current Administration is reviewing project cost
sharing and financing across the entire spectrum of water resource
development functions and has submitted proposed legislation to Congress for
navigation projects. The basic principle governing the development of
specific cost-sharing policies 1is that whenever possible the cost of
services produced by water projects should be paid for by direct
beneficiaries. It is also recognized that the Federal Government can no
longer bear the major portion of the financing of water projects. New
sources of project financing, both public and private, will have to be

found.

While specific policies applicable for specific flood control projects have.
not yet been estabiished, noﬁ-—Federal interest can expect that, under the
Administration's financing and cost-sharing principles, the level of their
financial participation could be significantly greater than in the past.
Accordingly, actual apportionm_ent of project cost: will be subject to
modified cost-sharing and financing arrangements which are satisfactory to

the President and to Congress.

However, under traditional guidelines applicable to beach erosion control
projects, periodic beach nourishment costs are shared with the Federal
Government and local sponsor each paying 50 percent, whereas the cost of
maintenance of hurricane flood protection projects is the scle responsi-
bility of the local sponsor. If the traditional methods of apportioning
project cost are followed, apportionment of project first cost would be as

shown below.
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Cost Allocation -~ Selected Plan.

Average Annual Cost

Hurricane Flood Protection $ 46,000
Beach Erosion Control 622,000
Total $668,000

Cost Apportionment - Selected Plan.

Average Annual Cost

Federal Government Local Sponsor
Hurricane Flood Protection $ 0 $ 46,000
Beach Erosion Control 311,000 311,000
Total $311,000 $357,000

Environmental Impacts

The environmental impacts are discussed in the "Environmental Assessment"
section of this report. Based on the impact analysis presented in Section
4.01, impacts to environmental resources in the study area will be minor and

temporary in nature,

Design and Construction
The Selected Plan is to continue Federal participation in the Wrightsville
Beach Erosion Control and Hurricane Protection Project. This will consist
of placing 70,000 cubic yards of sand on Wrightsville Beach on an average

annual basis. This material will be obtained from the Masonboro Inlet

complex,
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Recommendations

I recommend that the existing shore and hurricane wave protection project
for Wrightsville Beach, N.C., described in House Document No. 511, 87th
Congress, be modified to extend Federal participation in periodic nourish-
ment for the life of the project. This recommendation is subject to such
modifications thereof as in the discretion of the Chief of Engineers may be

advisable.

The total erosion rate is 130,000 cubic yards and is the average anrual
quantity of sand required to maintain the shore and hurricane wave
protection project at the design level of protection. The erosion attribut-
able to the effects of the Masonboro Inlet navigation project (specifically,
the jetties) in reducing the rate of natural sand bypassing to Wrightsville
Beach is 60,000 cubic yards per year. The placement of this 60,000 cubic
yards of sand onto Wrightsville Beach will be considered an annual cost in
the operation of the navigation project. The remaining 70,000 cubic yards
represents the avérage annual quantity of sand allocated as a responsibility
of the shore and hurricane wave protection project which is being recommend-
ed in this report. The recommended nourishment is estimated to cost

$668,000 on an average annual basis.

It is further recommended that authorization of continued nourishment for
Wrightsville Beach be contingent on the project sponsor giving written

assurances satisfactory to the Secretary of the Army that it will:

a. Provide without cost to the United States all lands, easements, and
rights—-of-way, including borrow areas, necessary for implementation of the

project.

"b. Accomplish all relocations and alterations of sewerage and drainage
facilities, buildings, streets, utilities, and other structures wmade

necessary by the construction.
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c. Hold and save the United States free from damages that may result
due to the maintenance of the project other than damages due to the fault or

negligence of the United States or its contractors.

d. Contribute its proportionate share of the cost of the periodic

nourishment to be performed by the United States.

e. Maintain, during the economic life of the project, continued public
ownership of the publicly-owned shore upon which the Federal participation

is based.

f. Adopt and enforce appropriate ordinances to provide for the

preservation of the improvement and its protective vegetation.

g. Continue to enforce flood plain regulations that comply with Federal

Emergency Management Agency (FEMA) guidelines,

It is also recommended that construction authorization of the recommended
modifications be subject to cost-sharing and financing arrangements with the

non-Federal agencies supporting the project which are satisfactory to the

Clloa |

ROBERT K. HUGHES
Colonel, Corps of Engineers
Command ing

Pregident and the Congress.
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Introduction

A, History of the Existing Project.

Wrightsville Beach has had a history of erosion problems dating from the
earliest attempts to build on the oceanfront. Local interests began
attempts to control erosion in 1923 when five timber groins were constructed
along the middle 6,400 feet of the towns ocean shoreline. More groins were
added in 1925, 1928, and again 1939, 1In addition, 700,000 cubic yards (cu.
yds.) of sandfill were placed on the beach in 1939 to replace some of the
sand lost to erosion.

Wrightsville Beach experienced heavy property damages as a result of
hurricanes occurring in 1944, 1954, 1955, 1958, and 1960, Erosion caused by
these hurricanes necessitated the placement of a total of about 500,000 cu.
yds. of sand dredged from Banks Channel in four separate operations between

1955 and 1959. ‘

The Federal Govermnment became involved in providing long-term beach
stabilization in 1962 when Congress authorized (P.L. 87-974) the
construction of a beach erosion control and hurricane protection project
along the 14,000 feet of ocean shoreline extending north from Masonboro
Inlet, which corresponded to the then existing town limits. The project was
constructed in 1965,

The dune section had a design width of 25 feet at the crest at an
elevation of +15 feet mean low water (m.l.w.), with the landward toe of the
dune on or near the town building line. The berm section had a design width
of 50 feet at an elevation of +12 feet m.l.w. A total of about 2,993,000
cubic yards of sand from Banks Channel was used in the initial construction,
which included both the closure of Moore Inlet, located at about C.E,
baseline station 150+00, and advance nourishment along a 2,800~ foot section
of beach north of the authorized project limit. Following closure of the
inlet, Wrightsville Beach extended its town limits northward to include this
2,800 feet of beach. This action created the present situation in which the
town limits include 16,800 feet of beach north of Masonboro Inlet (to
Station 168+00); whereas, the Federal shore protection project limits
include only 14,000 feet of beach north of the inlet (to Station 140+00).

" Construction of the northern of the two Masonboro Inlet jetties, which
were authorized in 1949, took place between July 1965 and June 1966. During
the period of 1965 to 1970, the shore protection project suffered an
unexpectedly high rate of erosion of the sand fill, particularly along the
northern 7,000 feet of the project shoreline. This erosion could not be
accounted for in terms of slope adjustments or sorting action on the f£ill,
Continued severe erosion necessitated the dredging and placement of about
1.4 million cubic yards of fill on the shore protection project in the
spring of 1970, after which the project was considered officially completed
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and was turned over to the local sponsor, the town of Wrightsville Beach.
No additional fill was placed on the project until April 1980. At that
time, an emergency fill, consisting of approximately 500,000 cubic yards of
sand, was placed along the northern 7,000 feet of project shoreline under
Public Law 84-99 authority. Upon completion of this work in May 1980, the
northern half of the project still offered only a portion of the protection
for which it was designed.

Between December 1980 and April 1981, a complete restoration of the
authorized shore protection project was performed, returning it to the
design configuration and level of protection for which it was authorized.
This restoration required the dredging and placement of about 1,25 million
cubic yards of sand, obtained from the Masonboro Inlet complex and Banks
Channel and its distribution along the northern 7,000 feet of project
shoreline. The restoratjon was completed using a combination of funds,
including: '

1. Federal Construction—General funds for periodic nourishment of the
project shoreline, (Undet existing authority, this nourishment represented
the last time that the Federal Government could participate in the cost
sharing of nourishment. The question of modifying existing authority to
allow continued Federal participation for the project life is addressed - in
this study.) _ ,

2. Non-Federal cash contribution.
3. Section 11l funds' (to mitigate erosion damage of the Wrightsville
Beach shoreline judged to have been caused by the Federal navigation project

at Masonboro Inlet).

4. Masonboro Inlet Navigation Project O& funds (for restoration of
project depths and channel alignment).

B. Purpose of this Assessment.

This environmental assessment discusses the environmental aspects of the
current proposal to continue Federal cost sharing in the existing beach
erosion control/hurricane protection project at Wrightsville Beach. This
proposal resulted from a general investigation study authorized by a
resolution of the Committee on Public Works of the U.S. House of
Representatives, dated 2 December 1970, During the course of the
investigation and subsequent report preparation, it became apparent that the
preparation of a detailed environmental impact statement would be
inappropriate due to the past history of disturbance on the beach and the
lack of any known major environmental impacts associated with any of those
events. Accordingly, attached to this environmental assessment is a signed
Finding of No Significant Impact (FONSI).
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1,00 SUMMARY
1,01 Major Conclusions and Findings.

It has been concluded that continued Federal participation in the authorized
Wrightsville Beach erosion control/hurricane protection project is warranted
and that impacts to the natural resources of the area will be minor and
temporary in nature, Methods to be used will be similar to those used
during initial construction and subsequent maintenance events. The basic
elements of this method are -outlined in Section 2.03. Borrow sites to
obtain the necessary sand will be located in the Masonboro Inlet complex and
in Banks Channel south of channel marker 14, These sites were selected due
to the quality of the material they contain; the lower diversity of benthic
organisms that they contain (as compared to surrounding areas); and the fact
that dredging of these areas will naturally be required to maintain the
navigation channels they contain. It is projected that nourishment of
Wrightsville Beach will be performed at 2-year intervals during the project
life. Nourishment activities will be performed during the winter months.

1.02 Areas of Controversy.
There are no known areas of controversy concerning this proposal.
1.03 Unresolved Issues.

There are no major unresolved issues.
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1.04 Relationship of Plans to Environmental Requirements.

Federal Policies

National Historic
Preservation Act
of 1966, as amended

National Environmental
Policy Act

Clean Water Act of 1977

Coastal Zone Management
Act of 1972, as amended

Endangered Species Act of
1973, as amended

E.0. 11990, Protection of
Wetlands

Fish and Wildlife Coordination Act
E.0. 11988, Flood Plain Management

State and Local Policies

Coastal Area Management
Act of 1974

-N.C. Dredge and Fill Law
N.C. General Stat. 113-229

Local Land Use Plans

Town of Wrightsville Beach,
N.C..CAMA Land Use Plan

Plans

Continued Federal

No Action

Participation

Full

Full

Full

Full
Full
Full
© Full
Fﬁll
?ull

Full

Full

EA-6

compliance

compliance

compliance

compliance
compliance
compliance
compliance
compliance
compliance

compliance

compliance

Not

Not

Not

Not

Not

Not

Not

Not

Not

Not

Not

applicable

applicable

applicable

applicable

applicable

applicable

applicable

applicable

applicable

applicable

applicable



2.00 PLAN FORMULATION AND EVALUATION
2,01 Study Authorizationm,

The authority for this study is contained in a resolution of the Committee
on Public Works of the U.S. House of Representatives, dated 2 December 1970,
The resolution was initiated by Congressman Alton Lennon, and requested the
Secretary of the Army to direct the Office of the Chief of Engineers to make
a survey of "Wrightsville Beach, North Carolina, and adjacent beaches in the
interest of beach erosion control, hurricane protection and related
purposes, including oceanic and lagoonal shores and interconnected tidal
channels."

A notice of this resolution was forwarded to the Chief of Engineers,
Washington, DC, on 2 December 1970. On 5 December 1970 the Chief of
Engineers assigned the study to the South Atlantic Division which in turn
assigned the study to the Wilmington District on 18 February 1971. Funds to
initiate the study were made available on 1 October 1977.

2.02, Authorization of Existing Project.

Authorization of the existing Wrightsville Beach, NC, project was provided
by Public Law 84-874, 87th Congress, H. R, 13273 23 October 1962 (House
Document 511, 87th Congress, 2nd session).

2,03 Description of Existing Project.

The authorized project consists of a dune with a landward toe at or near the
town building line, with a crown widch of 25 feet at an elevation of 15 feet
above mean low water (m.l.w.) and a 50-foot-wide berm at an elevation of 12
feet above m.l.w. The project extends 14,000 feet from Masonboro Inlet on
the south to the location of the northern town 1limit existing in 1965,
Initial construction included the closure of Moore Inlet, which previously
separated Wrightsville Beach from Shell Island to the north, and placement
of advance nourishment along 2,700 feet of beach north of the authorized
project limit, '

The current proposal is to continue Federal participation in maintaining
this project, as original authorization provided for only 10 years of
Federal involvement after original project construction.

As erosion of the existing project 1s attributable to two sources, natural
erosion (53.8%) and erosion caused by the jetties at Masonboro Inlet
(46.2%), the costs of maintaining the project will be divided accordingly.
The Federal Government will bear 1007 of the project maintenance costs
attributable to erosion induced by the navigation project at Masonboro
Inlet, while the project maintenance costs associated with natural erosion
will be cost shared with the local project sponsor (Town of Wrightsville
Beach) according to terms laid out in the authorizing document (50% Federal,
50% local).
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Erosion of the shore protection project at Wrightsville Beach occurs at a
rate of 130,000 cubic yards (cu. yds.) per year. The first sand bypassing
operation is planned for 1987 and approximately 540,000 cu. yds. of sand
will be placed on the project. (See table 2A of the main report.) There-
after, nourishment of the project will occur once every two years and
approximately 260,000 cu. yds. of sand will be placed with each nourishment
event. In order to avoid dredging and disposal during periods of high
biological and recreational activity, nourishment work will be performed
during the established dredging window (October through March).

Two borrow areas will be used to obtain the nourishment material. These
borrow areas were used previously during the reconstruction of the project
which occurred during the winter of 80/8l. One area is located in Banks
Channel between Masonboro Inlet and Channel Marker 14. This site will be
dredged to a plane of -30 feet mean low water (MLW) during maintenance
events. The other area is located in Masonboro Inlet. The Masonboro Inlet
site will only be dredged to a depth of -20 feet MLW in order to avoid
impacting submerged cultural resources. The boundaries of both of these
sites can be seen on plate 8.

Material excavated by the dredge in the borrow areas will be pumped through
a submerged pipeline in Banks Channel and, with the aid of a floating
booster station, transported to the beach. Short sand dikes will be used on
the beach to delay the return of the effluent to the ocean. This will aid
in the retention of sand and reduce the amount of turbidity introduced into
the surf zone. Bulldozers will be used for spreading and shaping the sand
placed on the beach.

2.04 Review of Planning Performed in this Study.

In Stage 1 of this study, a set of planning objectives was developed which
responded to the specific request of the congressional resolution
authorizing the investigation, and to the resource management problems and
needs identified, and the expressed public concerns. The Stage 1 planning
objectives are summarized below: .

(1) Evaluate the feasibility of reducing and/or controling erosion of
the estuarine and oceanic shoreline of Wrightsville Beach. ’

(2) Evaluate the feasibility of reducing the potential for hurricane
wave and flood damage along northern 2,800 feet of the town's ocean
shoreline and other developed areas.

(3) Develop basic data and guidelines for protecting and enhancing the
environmental and esthetic quality of undeveloped sections of estuarine and

barrier beach islands and adjacent waters.

(4) Develop and evaluate basic data and guidelines to assist in
producing a rational program of land use for undeveloped Shell Island area.

EA-8



(5) Develop guidelines for providing additional parking facilities to
reduce traffic congestion and assist in improving public utilization of
existing beach area.

During Stage 2 of this 1investigation, information and analyses were
developed which led to a refinement of the original planning objectives.
Certain concerns, such as the reduction or control of estuarine shoreline
erosion, and the development of guidelines for providing additional parking
and reducing traffic congestion, were eliminated from further
consideration. e

One significant addition was made to the set of planning objectives. This
involved the reevaluation of the functional and economic aspects of the
existing shore protection project in the following areas: revising the
study area shore processes analysis and evaluating the future benefits and
costs of the project to determine if terms of project cost sharing should be
modified to extend Federal participation in beach nourishment for the
project life. Existing authority for Federal cost sharing of nourishment
expired with the restoration completed in April 1981, The set of planning
objectives addressed in Stage 2 was as follows:

(1) Evaluate the feasibility of extending the 1limits of authorized
shore protection northward to include the area developed since initial
project construction.

(2) Dpevelop data and recommendations to insure that if the northern end
of the barrier island is developed, it is done in a manner which utilizes
the high level of protection offered by the existing stable dune areas.

(3) Develop basic data and guidelines for protecting and enhancing the
environmental and esthetic qualities of the remaining undeveloped section of
barrier island,

(4) Evaluate the feasibility of implementing. nonstructural measures to
reduce storm—-related inundation damages.

(5) "Evaluate the existing shore protection project with a view toward
more cost effective operation and possible extension on the period of
Federal participation in the cost sharing of beach nourishment,

2,05 ALTERNATIVES

During Stage 2 planning an array of alternatives was developed which met the
aforementioned objectives. These alternatives were analyzed in greater
detail during Stage 2 planning and, as a result of this analysis, the
current proposal was determined to be the only one feasible from an economic
standpoint. The following presentation summarizes all of the alternatives



considered in Stage 2. A complete discussion of the alternatives considered
can be found in the Stage 2 report dated June 1981,

. Plan 1-A provides for the extension of the authorized shore
protection project northward, a distance of 2,800 feet, to protect the
developed area immediately north of the existing project limits. The berm
and dune fill would have been constructed seaward of the present town
building line along that section of shore.

e Plan 1-B extends the authorized project northward the same distance
as Plan 1-A, but requires the relocation of the building line and the
oceanfront row of structures. This section would have resulted in a less
bulbous shoreline configuration, reducing erosion losses relative to Plan
1-A. 1In both Plans 1-A and 1-B, the proposed dune extension would have tied
into the existing natural dume to the north.

¢ Plan 2 combines the basic features of Plans 1-A and 1-B with a
requirement that any future development of the undeveloped section of the
barrier island be located landward of a proposed building line. The
location of this proposed line was generally at the landward toe of a large
primary dune ridge, and would have insured the preservation of a high level
of natural shore protection for future development.

e Plan 3 combines the basic features of Plans 1-A and 1-B with a
proposal that the presently undeveloped section of the barrier island be
acquired for preservation of its environmental and esthetic values. Plan
3-A was similar to Plan 3 except that the acquired barrier island area would
be managed for recreation uses rather than preservation.

¢ Plan 4 is an entirely nonstructural plan for the reduction or
elimination of inundation damages to existing development in the study area.
This plan involved the application of a variety of nonstructural measures,
including raising in place, relocating the building or contents out of the
flood hazard zone, and constructing small floodwalls.

e Plan 5 is to continue Federal participation in beach nourishment for
the project life.

e The no ‘action alternative would end the Federal Govermment's
participation in maintaining the authorized beach erosion/hurricane
protection project at Wrightsville Beach. Under this alternative, that
percentage (53.8%) of the beach erosion occurring which is not attributable
to the jetties at Masonboro Inlet would not be compensated for by cost
shared beach nourishment actions. This would allow a gradual and continual
deterioration of the effectiveness of the project unless local interests
assume 100% of the costs for its maintenance. Based on past performance, it
is felt that this is unlikely, and that the project would deteriorate to a
point where a significant threat to life and property will exist.

3.00 AFFECTED ENVIRONMENT
3.01 Geographic Setting.

The Town of Wrightsville Beach is comprised of two units, the estuarine
island known as Harbor Island and the barrier island of Wrightsville Beach,
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The former has an area of 293 acres, with 3.5 miles of estuarine shoreline
exposed to current and wave activity. The latter has an area of 354 acres,
with 3.2 miles of oceanic shoreline and 3.0 miles of estuarine shoreline.
Adjacent bodies of water include the Atlantic Ocean on the east; Banks
Channel, Motts Channel, and the Atlantic Intracoastal Waterway (AIWW) on the
west; Masons Inlet on the north; and Masonboro Inlet on the south. Shinn
Creek forms a hydraulic connection between the AIWW and Masonboro Inlet. To
the north of Masons Inlet is Figure 8 Island;. to the south of Masonboro
Inlet is Masonboro Island.

Prior to the construction of the existing beach erosion control/hurricane
wave protection project, Wrightsville Beach was an island extending 15,400
feet north from Masonboro Inlet to the then existing Moores Inlet. The
14,000 feet of oceanic shoreline within the town limits at that time was the
portion of the island for which Congress authorized the Wrightsville Beach,
N.C. project in Public Law 87-874, 23 October 1962. The 1,400 feet of beach
between the northern town limits and Moores Inlét were undeveloped and
privately owned. However, upon completion of the existing project, surplus
project funds were used to close Moores Inlet im order to improve the
littoral transport in the area. This action connected Wrightsville Beach to
Shell Island, an undeveloped, privately-owned barrier island extending 8,000
feet northeast. The town of Wrightsville Beach then annexed the 1,400 feet
of beach immediately north of the original town limits, including a 600-foot
section formerly occupied by Moores Inlet; and the southern 800 feet of
Shell Island, thus, extending the length of the town's ocean shoreline to
16,800 feet (to Station 168+00). This section, referred to as Shell Island,
has developed into a predominantly residential area.

3.02 Population and Economics.

The preliminary results of a special 1976 census conducted by the town of
Wrightsville Beach show 2,521 persons permanently residing in the town. As
the following analysis from the town of Wrightsville Beach CAMA Land Use
Plan indicates, the total population that may be present in the town during
a peak period is considerably larger than that shown in this 1976 special
census, On a peak day, such as the Fourth of July, a total of nearly 25,000
persons may be present in the town at one time.

Total Population of Wrightsville Beach

Permanent Population 2,521
Summer Residents 3,291
Overnight Visitors 6,566
Day Visitors 12,447

Total 24,825
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Thus, instead of providing services and facilities for the 2,521 permanent
population, the town must provide for a seasonal population up to 10 timos
that size.

The economy of Wrightsville Beach is tourist oriented with most of its
residents being either retired persons or commuters who work in areas
outside Wrightsville Beach. There are three major nontourist oriented
employers within the corporate limits of Wrightsville Beach. These are the
town government, the Saline Water Rgsearch Plant, and International Nickel
Company. The remainder of the economy, with the exception of a few real
estate agencies, exists to serve day visitors and overnight -visitors.
Restaurants, lounges, retail stores, fishing piers, motels, hotels, and
specialty shops are the base of Wrightsville Beach's economy.

3.03 Significant Resources,

Seashore Area,

Within the town limits of Wrightsville Beach, there are ‘many acres of high
quality seashore area available for recreation activities, i.e., sunbathing,
surf fishing, walking, jogging, bird watching, shell collecting, etc. This
intertidal zone also serves as habitat for an invertebrate community adapted
to the high energy sandy beach environment. The organisms which make up
this community, i.e., mole crabs, coquina clams, amphipods, isopods, and
polychaetes, are an important food source for surf feeding fish populations
such as flounder, croaker, red drum, black drum, spot, northern kingfish,
and pompano.

Invertebrate Species Occurring in Borrow Areas,

- Masonboro Inlet and the portions of Banks Channel south of channel marker 14
~(see plate 1) are considered to be prime borrow sites because of the

excellent composition of the sediment and sparse populations of benthic
invertebrates. Both of these sites were used to obtain the nourishment
material for the restoration project undertaken during the winter of 80/81.
Prior to that dredging, common macroinvertebrates inhabiting these areas
included the hemichordate worms, Balanoglossus auranticus and Saccoglossus
kowlevskii, the razor clam Ensis directus, the bivalves Dosinia, Tellina,
and Mercenaria mercenaria (U.S, Fish and Wildlife Service, 1979). Sampling
of these areas has not occurred) since the dredging took place; however, it
can be safely assumed that populations of benthic invertebrates have begun
to recolonize 'the areas although they may have different levels of abundance
and different community structures, Due to the shifting sand bottom and
past history of disturbance at these sites (for maintenance dredging of
navigation projects as well as for beach nourishments), it is unlikely that
they have been able to establish stable benthic communities in recent
years.

Water Quality.

The water quality in the vicinity of the borrow sites 1is pgood. Banks
Channel has a classification of SB (suitable for bathing). Masonboro Inlet

EA-12



has a classification of SA (suitable for shell fishing for market purposes).
The high quality of the water in these areas can be attributed Lo tidal
flushing and distance from any major pollution sources. The town of
Wrightsville Beach prohibits the use of septic tanks.

Nonpoint pollution sources on Wrightsville Beach are not considered to be a
major problem. Storm water from the community is removed by a separate
storm drainage system which drains into the surrounding waters. Each storm
water drain inlet structure has a trap for silt, grit, and trash, which is
periodically cleaned and the debris treated as solid waste. Less than 10
percent of the rainfall that falls on the town enters the system due to the
high absorptive capacity of the soils.

Fisheries Resources,

Recreational and commercial fishing in the vicinity of Masonboro Inlet and
Banks channel are significant, These areas support both sport and
commercial fisheries for such common saltwater finfish as black drum,
croaker, pigfish, red drum, flounder, spot, black seabass, and bluefish. In
addition, blue crab and penaeid shrimp are fished for both commercial and
recreational purposes. Among other sport fish in the surf zone, northern
kingfish, pompano, and spot are actively fished for, both from the beach and
the two fishing piers located at Wrightsville Beach. Nearshore waters
support an abundance of king mackerel, Spanish mackerel, and cobia.

Endangered Specieé.

Informal consultation as delineated in Section 7(c) of the Endangered
Species Act of 1973, as amended, has been concluded with the Fish and
Wildlife Service and National Marine Fisheries Service. The following list
of species was co@éidered in the biological assessment process:

Brown pelican (Pelicanus occidentalis)-E
Florida manatee (Trichechus manatus)-E

Blue whale (Balaenoptera musculus)-E

Finback whale (Balaenoptera physulus)-E
Humpback whale (Megaptera novaeangliae)-E
Right whale (Eubalaena spp)-E

Sei whale (Balaenoptera borealis)~E

Sperm whale (Physeter catadon)-E

Kemps ridley sea turtle (Lepidochelys kempi)-E
Hawksbill turtle (Eretmochelys imbricata)-E
Leatherback turtle (Derimochelys coriacea)-E
Shortnose sturgeon (Acipenser brevirostrum)-E
Loggerhead turtle (Caretta caretta)-T

Green turtle (Chelenia mydas)-T

Cultural Resources,

A cultural resources survey of Masonboro Inlet and Masonboro Island was
conducted in connection with the construction of the South Jetty at
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Masonboro Inlet. During the exploratory phase of this survey (October
through November 1977), five major magnetic anomalies were recorded. Two of
the five are located in the vicinity of the Masonboro Inlet borrow area.
During April and May 1978, the N.C. Division of Archives and History made
additional examinations of these two :sites using a hydraulic probing device.
By this method, it was determined that one of the sites is probably the
remains of a relative modern vessel lying below a plane of -14 feet m.l.w,
although it is possible that the modern vessel is positioned over a site of
earlier vintage. The other site was probed to a depth of -20 feet m.l.w.
without encountering the anomaly (Watts et. al.).

The Banks Channel borrow site 1is not considered to offer any potential for
submerged cultural resources as it was dredged below the depths which will
be required for continued maintenance during initial project construction;
therefore, all of the sediments in the area are of recent origin.

Terrestrial Resources,

Within the study area, the most significant terrestrial resources occur on
the undeveloped portion of Shell Island and on the manmade and natural
estuarine islands which occur in Wrightsville Sound. These areas offer the
only significant sites of natural vegetation communities available for
terrestrial wildlife.

An extensive, stable dune system comprise the undeveloped portions of Shell
Island. Vegetated principally with grasses, its value to some species of
wildlife is limited. Data on wildlife utilization of the area is sparse;
however, the data which does exist indicates that Shell Island offers good
habitat for many species of birds and small mammals.

Most of the manmade and natural estuarine islands of the area are heavily
vegetated with shrubs and small trees. These islands are heavily used by
marsh foraging mammals and birds, Unvegetated manmade islands have been
heavily used in the past by colonially nesting seabirds; however, this use
has tapered off in recent years due to the confinement of dredged material
disposal to just a few locations,. thereby permitting most of the previously
bare sand islands to vegetate,

Wetlands.

Wetlands are extremely abundant in the study area with about 70 perceat of
its 2,800 acres being salt marsh and tidal creeks. The marshes of the area
are comprised principally of Spartina alterniflora. The transition zone
between the salt marsh and upland areas ig dominated by Spartina patens with
interspersed patches of Distichlis spicata, Salicornia virginica, and
Borrichia frutescens. These wetlands are very 1important to the marine
resources and wildlife of the study area due to their high primary

EA-14



productivity and refuge/foraging value., While no studies are known to have
been done on' the productivity of the salt marshes of the study area, the
productivity for such marshes generally falls in the range of 329 to 1,296
dry wt/m“/yr (Keefe 1972). When this is combined with the additional
productivity of approximately 100g carbon/mz/yr for phytoplankton
(Thayer 1971) and approximately 200g carbon/mZ/yr for benthic microalgae
(Peterson and Peterson 1979), the astonishing productivity of these systems
becomes apparent.

4,00 ENVIRONMERTAL EFFECTS
4,01 Effects on Significant Resources.

Seashore Area.

The disposal and shaping of sand for the maintenance of the berm and dune at
Wrightsville Beach will normally occur between 1 October and 31 March in
order to avoid adverse impacts to summer oriented tourism and disruption of
the estuary and nearshore ocean during times of high biological
productivity. Even with this time restriction, the following impacts can be
expected to occur:

A, Esthetics - The esthetics of the beach will be diminished by the
presence of pipeline and heavy equipment on the beach during nourishment
activity. Since the nourishment work would occur in the "off" season, this
impact will be felt principally by the beaches' resident population.

' Overall, the esthetics of the beach will be enhanced through maintaining the

project, as the manmade berm and dune will provide a more pleasing prospect
to the eye than a heavily eroded beach.

B. Turbidity - Beach nourishment activities normally elevate levels of
turbidity in the surf zone due to the presence of silts and clays in the
nour ishment material. High levels of such turbidity are suspected of
causing temporary displacement of various species of sport fish although

- this effect has not been documented. Equally possible would be a

concentrated effect on sport fishes due to the presence of fragmented marine
organisms from the dredge slurry being present in the surf zone (high food
availability). During the 1last nourishment action wundertaken on
Wrightsville Beach, nourishment related turbidity did not appear to be a
problem, as none was visible from the beach or from the air. This lack of
noticeable turbidity was likely related to the following factors:

1) The use of short sand dikes between the outfall and the surf
zone;

2) The coarseness of the material being used for nourishment and an
overall lack of silts and clays; and

3) The natural turbidity in the surf zone.
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Since the same borrow sites and construction techmiques will be used in the
future maintenance of the project, turbidity related impacts are expected to
be minor.

C. Intertidal macrofauna - Disposal operations may have negative
impacts on the intertidal macrofauna through various mechanisms., Changes in
beach profile or grain size, direct burial, or the adverse effects of
increased turbidity can singlehandedly or, in combination, radically change
the faunistic composition of a beach, At Fort Macon, NC, beach disposal
performed during the winter of ~ 1977 essentially destroyed existing
intertidal macrofauna (Reilly and Bellis, 1978). Investigators of that
nourishment event concluded that turbidity was the principal agent involved
in changing the community. Other studies (Hayden and Dolan, 1974) indicate
that beach nourishment actions with coarse sands can have virtually no
impact on intertidal macrofauna causing only temporary shifts in the
distribution of the population. Due to the coarseness of the sands which
have been and will continue to be used for nourishment of Wrightsville
Beach, turbidity induced change in intertidal macrofauna will probably be
slight. While no disposal effect studies have been performed at
Wrightsville Beach which would corroborate this, random samples taken on the
beach less than 2 months after the last nourishment action ended found that
all life stages of the mole crab, Emerita talpoida, a key community species,
were present,

Invertebrate Species Located in Borrow Areas.

The hydraulic dredging of sand from the borrow areas to maintain the design
profile berm and dune at Wrightsville Beach will result in a total loss of
all sedentary or slow-moving organisms in the borrow areas during each
maintenance event, The effects of these types of impacts are difficult to
asgess but should be of minor wsignificance as the habitat value of the
borrow areas is low due to the instability of the bottoms and the areas to
be dredged are small in relation to the amount of subtidal habitat available
in the study area. Both borrow areas have been used for previous beach
nourishment work. Benthic organisms will begin the recolonization of these
borrow areas after each use; however, with the planned repeated use, they
will not achieve any community stability during the remainder of the project
life.

Water Quality in the Vicinity of Masonboro Inlet,

The dredging of the borrow areas will change bottom configuration and
slightly alter current velocities at and adjacent to the borrow areas. This
alteration may prove to increase the tidal flushing capacity of Masonboro
Inlet, possibly improving water quality in the area to a slight degree.
Turbidity caused by the dredging operations could cause a short term
decrease in 1light penetration and dissolved oxygen but, due to the
coarseness of the material to be dredged, these effects should be minimal
and of short duration.
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Fisheries Resources,

The continued maintenance of the project may cause minor adverse impacts to
the fisheries of the area. Impacts would occur principally through the
disruption of sources of food organisms and through direct mortality of
juvenile fishes taken by the dredge. Impacts from turbidity are expected to
be minimal. These impacts will be temporary, but recurring. Therefore, a
semi-permanent decline in the fisheries of the area may occur; however, due
beach's invertebrate community's recovery, the decline is not expected to be
noticeable or measurable.

Endangered Species.

Through the biological assessment process, the District has determined that
continued Federal participation in the Wrightsville Beach project will not
effect any threatened or endangered species. Confirmation of this finding
by the Fish and Wildlife Service and National Marine Fisheries Service has
been received.

Cultural Resources,

No impacts to cultural resources will result from the continued maintenance
of the project as proposed. The Banks Channel borrow area has been dredged
to the proposed limits and depths on two previous occasions. Therefore, the
sediments which have accumulated in that area are recent and offer no
potential for submerged cultural resources.

Two sites are known to occur in the vicinity of the Masonboro Inlet borrow
area. One site, actually within the limits of the borrow area, lies deeper
than the proposed dredging limit of =20 feet MLW and; therefore, will not be
affected. Another site 1s located 400 feet seaward of the outer border of
the borrow area.  Strict limits have been placed on the Masonboro Inlet
borrow area so that neither of these sites will be impacted.

Disposal of beach fill is considered to be of no consequence to cultural
resources as it will simply replace material that has already washed away.
If any sites remain buried on the portions of the beach to be affected by
the project, they will simply be buried deeper, an action which has already
occurred several times.

Terrestrial Resources,

The impacts of the project will be confined to the borrow areas and the
ocean shoreline fronting the Town of Wrightsville Beach. The beach to the
north of the authorized project limit will also gain some sand through
longshore transport; however, this process is so gradual that it will have
no discernable impact on natural resources. The extensive dune system on
Shell Island will be unaffected.
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Wetlands.

The vast salt marshes of the study area will be unaffected by the project.
As the dredge pipeline exits Banks Channel and crosses the beach strand, it
may be necessary to lay it across the marsh fringe bordering the east side
of Banks Channel. 1If this occurs, its impact will be minor, as no permanent
disruption of the marsh will occur.

5.00 PUBLIC INTEREST
5.01 Public Involvement Program.

Since the initiation of the study, two public meetings have been held. The
first, in April 1978, was held for the purposes of informing the public of
the start of the General Investigation Study of the Wrightsville Beach area,
and to elicit public response on identification of water resources problem
areas. The second meeting, held in December 1979, was held for the purpose
of informing the public of the restoration work which was to be performed
during the winter of 80/81. In addition to these public meetings, the
District has been in frequent contact with Wrightsville Beach officials and
other interested State and Federal apgencies. A scoping letter seeking
public input into Stage 11 of the planning process was sent out in March
1981. The principal result of this involvement has been to establish a high
level of public support for the authorized project.

5.02 Required Coordination.

Concurrent with the circulation of this environmental assessment, a Section
404(b) (Public Law 92-500) Public Notice and evaluation was circulated, and
a consistency determination was furnished to the North Carolina Office of
Coastal Management and their concurrence was obtained. The Corps has
completed the Section 7(c) endangered species consultation, and a Section
401 (Public Law 92-500) certificate has been received from the State of
North Carolina. A final Fish and Wildlife Coordination Act Report was
"received in March 1982,

5.03 Recipients of the Assessment.

This assessment has been circulated for review and comment to the following
concerned agencies and public for 30 days. After reviewing the comments
received, the District Engineer may sign the Finding of No Significant
Impact and proceed with the proposed action.

Environmental Protection Agency, Region IV

Department of Housing and Urban Development, Greensboro Area Office
U.S. Department of Commerce

Federal Energy Administration

Fifth Coast Guard District

Department of Health, Education, and Welfare, Region IV

League of Women Voters
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N.C, Wildlife Federation

Sierra Club

The Coastland Times

Soil Conservation Service, USDA

Forest Service, USDA

Environmental Defense Fund, Inc.
Conservation Council of North Carolina
Federal Highway Administration

Mayor, Wrightsville Beach, NC
Clearinghouse and Information Center of North Carolina
Chairman, New Hanover County Commission
U.S. Fish and Wildlife Service
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Attachment A
PINDING OF NO SIGNIFICANT IMPACT

The Corps of Engineers proposes to continue Federal participation in the
authorized beach erosion control/hurricane protection project at
Wrightsville Beach for the project life. Dimensions of the project and the
methods to be used in maintaining it are outlined in section 2.03, page
EA-7. Maintenance work will occur approximately once every 2 years and will
be performed during the winter months.

Alternatives to continuing Federal participation in the authorized project
are discussed in section 2.05, page EA-9.

Significant resources discussed in the assessment include:

a. Seashore Area, 3.03, page EA-12.

b. Invertebrate Species Occurring in the Borrow Area, 3.03, page EA-12,

c¢. Water Quality, 3.03, page EA-12.

d. Fisheries Resources, 3.03, page EA-13.

e. Endangered Species, 3.03, page EA-13.

f. Cultural Resources, 3.03, page EA-13.

g. Terrestrial Resources, 3.03, page EA-14,

h. Wetlands, 3.03, page EA-14.
I have determined, based on the impact analysis presented in Section 4,01,
page EA-15, that the impacts to the aforementioned significant resources
will be minor and temporary in nature and that the preparation of an
environmental impact statement will not be required. The alternatives
analyzed are either economically infeasible or, in the case of no action,
would permit deterioration of the effectiveness of the existing project at

Wrightsville Beach, leaving the community vulnerable to the hazards
associated with hurricanes and unchecked beach erdgsion.

(U

A, A, KOPC
LTC, CorpsVof Engineers
Acting District Engineer
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ATTACHMENT B
COMMENT/RESPONSE -
ENVIRONMENTAL ASSESSMENT ON

" SHORE AND HURRICANE WAVE PROTECTION
WRIGHTSVILLE BEACH, N.C.

FEDERAL AGENCIES

A.

Letter from Fifth Coast Guard Districf.d#ted'Zh August 1982,

COMMENT:

RESPONSE:

The Fifth Coast Guard District offers no comments concerning the
subject DEIS.

Noted

Letter from the U.S. Fish and Wildlife Service dated 1 September 1982,

COMMENT:

RESPONSE:

COMMENT :

RESPONSE:

Generally, we believe the report is adequate with the exception of
specific concerns addressed herein. The Service participated
fully in the planning process for this project, and we provided
comments and recommendations during that period. We are pleased
that the Corps has utilized, and will apparently continue to
utilize, borrow sites which we identified as having relatively low
population densities of benthic organisms. Since it appears that
beach nourishment and sand bypassing will occur every two years,
we recommend that project maintenance be in accordance with
Service recommendations contained in our Final Fish and Wildlife
Coordination Act Report of March 2, 1982,

The schedule recommended by the Service is infeasible as it only
allows 60 days (1 October through 30 November) for beach nourish-
ment activities. In order to accommodate Fish and Wildlife
concerns as much as possible, the nourishment activities will be
restricted to the established dredging window (October through
March). '

Although we generally concur with your assessment of anticipated
project impacts, we do not believe that the impacts of periodic
placement of sand in the littoral zone of the ocean beach are
known. These impacts range in magnitude from minor short-term
losses of near shore fauna to prolonged reductions in the popula-
tion size of these species. Since any major long-term reductions
in near shore populations could adversely affect local recrea-
tional and commercial fisheries, we continue to recommend that the
effects of periodic disposal of:dredged materials in the ocean
littoral zone be studied further. -

Impacts of beach nourishment on resident benthic fauna is an issue
of national concern and is currently being considered as a
research topic by the Coastal Engineering Research Center at Fort
Belvoir, Virginia. Two studies performed to date illustrate the
wide divergence in results which can be obtained, depending on the
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COMMENT :

RESPONSE:

nature of the material being placed on the beach. At Cape
Hatteras, N.C., studies .showed little effect when coarse grained
material is deposited; at Fort Macon, N.C., significant adverse
effects were noted when silty material was, deposited. In neither
case were long-term impacts -analyzed. After the last beach
nourishment at Wrightsville Beach, Corps biologists sampling the
beach found little evidence of any severe impacts on benthic
fauna, If the Coastal Engineering Research Center performs
studies on the effects of beach nourishment on benthic
communities, they will be designed to address long-term impacts.

Page 23, paragraph 1: Clarification is needed to explain why the
preservation of Shell Island cannot be linked to the selected
alternative. We assume that Corps regulations prohibit the
expansion of project's boundaries when non-structural features are
involved; however, this is not clear in the draft report.

The measure referred to was an EQ feature which was linked to
Plans 1-A and 1-B. When these plans were found to be infeasible,
the linkage between the "recommended water resource development"
and the separable "EQ feature" no longer existed.

A nonstructural measure (Plan 4) was evaluated for every structure
on Wrightsville Beach, but was found to be economically infeasible
(benefit-cost ratio = 0.36 to 1.0).

C. Letter from United States Environmental Protection Agency dated 29
September 1982,

COMMENT :

RESPONSE:

COMMENT :

We have reviewed the draft Feasibility Report and Envirommental
Assessment on the Hurricane Protection and Beach Erosion Control
Project at Wrightsville Beach, New Hanover County, North Carolina.
Our evaluation of the document revealed it to be well prepared and
that the proposed action should cause little in the way of
long-term and/or significant adverse environmental consequences
over which this Agency has mandated authority.

Noted.

However, we do observe that while the selected alternative may
provide some temporary increase in the actual extent of the beach,
it actually may foster the potential for future increased property
losses there. For example, using excess project funds from a
previous authorization, Moore's Cut was filled in and Shell Island
connected to Wrightsville Beach. The subsequent development to
the north including a Holiday Inn were seriously threatened until
another emergency nourishment was undertaken (see inclosed
photographs). Hence, it has been our experience that beach
nourishment often engenders improvident development. This
development in turn creates the demand for even more protection at
ever iuncreasing Federal cost.
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RESPONSE:

The beach area behind the existing berm and dune . .project is fully
developed at the present time. If the project is not maintained
considerable erosion. damage to the existing development would
occur. Nourishment is a planned part of the maintenance of the
project. It has been performed in the past to insure the designed
protection along the authorized project. 1In the case of future
protection, the plan to extend the existing project northward
2,800 feet was found not to be economically feasible. Therefore,
at this time, more protection is not being recommended. Plan 5,
which is the recommended plan, is to continue Federal
participation in the maintenance of the existing project for the
life of the project.

STATE AGENCIES:

Letter dated 17 September 1982 from North Carolina Department of Natural
Resources and Community Development.

COMMENT :

RESPONSE:

COMMENT :

Plan Number Five (5) has been the chosen alternative for continued
maintenance of the beach renourishment project. The same borrow
areas are proposed including that area south of Marker #l4 in
banks channel and the inlet weir collection reservoir. The Office
of Coastal Management's major agency concerns are not centered on
the continued use of these borrow areas which are highly disturbed
deep water, sandy bottom sites but are the timing of the dredging
activities. As stated before, it is very important in order to
protect juvenile shrimp and finfish populations that no excavation
or filling occur between April 1 and September 30 of any given
year. The Office of Coastal Management would recommend that the
winter months be considered for such operations to lessen impacts
to ocean surf feeding fish as well.

The nourishment activities will be restricted to the established
dredging window (October through March).

The Wrightsville Beach Land Use Plan heavily concentrates its
biggest problem as finding funds to continue the maintenance of
the renourishment project. It states ..."That the preferred
alternative for erosion control be renourishment, supplemented by
land use controls, access planning and vegetation maintenance." It
is hoped that the Corps' recommendation would also include a note
that explains the specific land use and flood proofing
recommendat ions described in Plans #2 and #4 to be implemented as
much as feasible. . Even though the benefit-to-cost ratios were
found to be not favorable for these two plans, it should be
recognized that emergency phases of future maintenance north of
the defined project limits (Shell Island) are inevitable and that
the town should acquire public beach access easements along these
private streets. The final Corps’ recommendation should be
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RESPONSE:

COMMENT:

RESPONSE:

emphatically clear about Federal participatioh contingent upon
provision of beach access through the existing Shell Island
private development. ‘

All technical information developed in the course of formulating
and evaluating Plans 2 and 4 will be presented to the Town of
Wrightsville Beach. Implementation of these plans would be at the
discretion of the local government and property owners.

Since the recommended project does not extend along Shell Island,
the Corps cannot,require provision of beach access through the
existing Shell Island private development.

The rest of the Plan #5 appears to be consistent with the Land Use
Plan and CAMA guidelines. ‘

Noted.

Letter from New Hanover County Planning Department dated 3 September 1982.

COMMENT:

RESPONSE:

COMMENT :

RESPONSE:

Impacts to the environment should be minor and of short duration.
When combined with the maintenance objective of Masonboro Inlet
this dual approach of dredging and beach nourishment seems quite
acceptable,

Noted.

In regard to the Feasibility Report several questions arise
concerning the cost benefit analysis. Potential loss to land and .
structures includes damages to private property. Direct benefits
to these properties are actually private rather than public.

Since these individual landowners represent the greatest amount of
benefit in any public expenditure, a more equitable comparison
might be the potential annual tax value of the property.

Certainly, that loss would have a broader impact on the

community.

The benefit-cost analysis was accomplished in accordance with
guidelines and policies for Federal water resources agencies which
attempt to measure potential project effects to the national
economy, and public vs. individual ownership is not a criterion
for determining acceptability of benefits from reducing or
eliminating damages. Generally, individual property owners are
considered as members of the public at large. Lost revenues to
property taxing agencies are not considered to be losses from the
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COMMENT :

RESPONSE:

COMMENT :

RESPONSE :

COMMENT:

RESPONSE:

national standpoint because the decreases in tax revenues become
increased discretionary income to the owners of the lost property.
Actually, lost tax revenues would probably be offset by increasing
taxes of other property owners.

Continued funding of beach nourishment projects should he a burden
of those who utilize the beaches. This could be accomplished
through special district taxes or certain excise taxes.

This would be a decision that the Town of Wrightsville Beach, New
Hanover County, and the State of North Carolina would have to make
concerning the non-Federal share of project costs.

Maximum setback requirements should be a condition of further
funding. Adequate setbacks can take advantage of the natural
shoreline and large primary dunes that act as barriers and offer
protection for inland development.

The Town of Wrightsville Beach has established an adequate
building line setback along the authorized shore protection
project.

Is the proposed plan consistent with the Department of Interior
and FEMA's classification of Shell Island as "Undeveloped?"

The proposed plan is continued Federal cost-sharing in the
existing shore protection project located along Wrightsville Beach
for the life of the project. Therefore, the plan has nothing to
do with the classification of Shell Island as "Undeveloped."

Letter from Town of Wrightsville Beach dated 27 September 1982,

COMMENT:

RESPONSE:

We are in receipt of and have reviewed the draft Feasibility
Report and Environmental Assessment Document. While we are
perhaps disappointed in the benefit-to~cost ratios developed in
preliminary plans A, 1B, 2, 3, 3A and 4, the findings were not
totally unexpected. :

It is the position of the Town that the conclusions drawn and the
recommendations made are in order and should be supported by the
Town. We further totally agree that there is no necessity for an
EIS, and the Finding of No Significant Impact statement should be

signed. ~

Noted.
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APPENDIX A

HISTORY OF HURRICANES



HISTORICAL RECORDS

1. Lists of Hurricanes. The following tables present a chronological list
of tropical hurricanes which have likely affected the Wrightsville Beach
area. However, many of them caused no appreciable damage and others prior
to 1871, which caused some damage, may not be listed:

Records of 18th and 19th Century Hurricanes
Affecting the North Carolina Coastal Area

Date Date

Year, Month, and Day Year, Month, and Day

18th Century 19th Century (cont'd)
1700 September 16 1844 September 14
1713 September 16 1846 August 16
1728 August - 1853 September 7
1728 September 14 1854 September 8
1752 September 15 1857 September 12
1753 September 15 1861 October -
1757 October - 1871 August 18-19
1758 August 23 1871 November 14
1761 June 1 1873 September  22-24
1761 September 23 : 1873 October 6-8
1770 June 6 ' 1873 November 17
1781 August 10 : 1874 September 28
1783 - - ' 1874 November 22
1785 September 22-24 1875 October 13

1876 September 17
1877 November 2

1797 September

19th Century 1878 September 12
. 1878 October 22
1804 September 7 1879 August 19
1811 September 10 - ' A 1880 August 15
1813 August 27 1881 August 27
1814 July 1 1881 September 9
1815 September 28 , 1883 September 11
1821 September 2 : ~ 1885 August 24-25
1822 August - : 1888 October 11
1822 September 27 1893 August 28
1827 July 30 1893 October 13
1827 August 24-25 : ' 1894 September 27
1830 August 16 1894 October 9
1837 August 1 : ’ 1896 September 20
1837 August 20 : 1897 November 7
1837 October 9 1898 October 2
1838 November 26-28 1899 /0ctober 30

1842 August 24



Records of 20th Century Hurricanes Affecting

New Hanover County, N.C., Beach Areas

-Notes, Severity, Damage Aveaa, etc,

SENN

Year Month and Day

Major and Moderate

11904 September 14 Moderate, S.E.N.C. .

1904 November 13 Moderate;"N.C. coast

11906 September 17 Severe, S.E.N.C. Barometer at Wilm., 27.90

1910 October 19 Moderate, Wilmington area - inland

11913 September 2-3 Hatteras - major, N.E.N.C.

1916 July 19-20 Moderate, N.E.N.C. Heavy rainfall

1918 August 24 HQtteras, moderate, small, N,E.N.C.

1924 August 25 Moderate, skirted N.C. at Hatteras

11925 December 2 Moderate, N.E.N.C. Unusual storm
Barometer 28.90 near Wilmington

1930 September 12 Hatteras and vicinity - moderate.
Barometer 29.71 at Wilmington,.

11933 'September 16 Severe N. of New Bern to Va. Capes,
moderate to minor elsewhere. Barometer at
Hatteras, 28.25 inches.

1934 July 21-25 Very minor in vicinity of Wilmington

L1944 August 1-2 " Wilmington - severe, S.E.N.C. Barometer
at Wilmington, 29.41

11944 September 14 Hatteras — severe. Barometer at Hatteras,
27.97,

1945 September 15-16 | Beaufort area - moderate.

1954 August 30 Moderate to light - whole coast - '"Carol"
Barometer 29.41 at Wilmington,

11954 October 15 Very severe, S.E.N.C. "Hazel." Barometer,

~27.70 at Little River, S.C.

1 Storms actually striking or entering N.C. coast with destructive force.



Records of 20th Century Hurricanes Affecting

New Hanover County, N.C., Beach Areas

Year Month and Day Notes, Severity, Damage Areas, etc.

Major and Moderate —— Cont'd

11955 August 11-12 Severe, E.N.C., heavy rains - "Connie."
Barometer, 28.40 at Fort Macon, N.C.

11955 August 17 Moderate in Wigmington Area - 'Diane."

~ Barometer, 29.13 at Wilmington, N.C.

I1955 September 19 Severe, E.N.C., excessive precipitation.
Barometer, 28.35 at Morehead City, N.C.
"Tone."

11958 September 27 "Helene." Severe in Cape Fear area.
Maximum 5-minute wind, 69 mph. Minimum
barometer 28.80 inches - both at Wilm., N.C.

11960 September 11-12| '"Donna." Severe in Cape Fear area, worsé in
vicinity of Morehead City, N.C. Maximum 1-
minute wind velocity in Wilmington, 53 mph,
NW; minimum barometer 28.41 inches.
Minor

1901 September 18

1902 June 16

1903 September 16 Very minor - delayed flight of Wright Brothers

1908 August 31 Cape Lookout damaged - very unusual storm.

1916 July 14 Heavy rain in interior.

11920 September 20 Cape Fear River area - small storm - little
damage.

1923 October 23

1924 September 16-17

1924 September 30 Minor in Wilmington area.

1928 September 18 S.E.N.C. Barometer, 29.12 at Wilmington, N.C.




Records of 20th Century Hurricanes Affecting

New Hanover County, N.C., Beach Areas

Year Month and Day Notes, Severity, Damage Areas, etc.
Minor —- Cont'd

1929 September 1-2 Very minor

1934 September 7-8 Bérometer at Hatteras, 28.56
1935 September 5-6

1937 July 31 Minor, not a hurricane in N.C.
1937 August 2-8 Minor, not a hurricane in N.C.
1937> September 26-~30| Minor, not a hurricane in N.C.
1938 September 21 Hatteras and vicinity

1938 October 23-24 Minor, not a hurricane in N.C.
1940 August 15 Very minor, heavy rain

1940 September 1 Heavy rains

1942 October 11-12 Very minor, not a hurricane in N.C.
1944 October 20

1945 June 24

1945 November 5 Very minor

1946 July 6 Very minor

1946 September. 19 Minor

1947 October 12-13

1950 August 19-20

1951 October 4'

1952 August 30 Very minor "Able."
1953 August 13 "Barbara" Cape Lookout area.




Records of 20th Century Hurricanes Affecting
New Hanover County, N.C., Beach Areas

Year Month and Day Notes, Severity, Damage Areas, etc.

Minor =- Cont'd

1954 September 10 "Edna"
1973 February 17 Erosion and some property damage
1979 September .5 "David" l-year frequency storm

18th CENTURY HURRICANES

General., In the following narrative account of hurricanes affecting the
beach areas of New Hanover County, North Carolina, it will be noted that not
all hurricanes listed in tables B-1 and B~2 are discussed. Those not
discussed caused very little damage in the study area, or very little record
of their characteristics or damages is available. In some cases the damage
a storm caused outside the study area may be cited as background
information.

1752 - September 15. A severe hurricane destroyed the Onslow County seat
which was rebuilt In a new location. This new location was around 40 miles
east of Wilmington. In Charlestoan this storm was described, in part, as
follows:

"The wind blew so hard that it stemmed the Gulf Stream in its northern
course and threw it on the shores, At 9 o'clock the flood came rolling in
with great impetuousity and in a short time the tide rose ten feet above
high water wark of the highest tide.”

Among the sgships involved was: “"The Hornet, sloop-of-war, with seven
anchors, drifted ashore where Gadsden's Wharf now stands. She was the only
vessel in the harbor which rode out the storm." This hurricane was probably
one of the great hurricanes of the century.

1761 - September 23. "A London magazine of 1761 reports that a stomm
occurred in North Carolina, which began on Monday, the 20th of September,
and continued until friday, but raged with most violence on the 23d. Many
houses were thrown down, and all vessels, except one, in the Cape Fear
River, were driven ashore. It forced open a new channel at a place called
the Haul-Over, between the Cedar House and Bald Head. This new channel was
found on sounding to be eighteen feet at high water, and was near half-a-
mile wide." (Wilmington Directory for 1865-66 by Frank D. Smaw, Jr.)




"The Greatest Hurricane. - The year 1761 was quite an eventful one in the
history of Brunswick. It was in that year that the fearful hurricane along
the coast occurred which did great damage, throwing down many houses includ-
ing the roof of the church, and forcing open New Inlet - which remained for
a hundred years until after the War between the States.”" (History of New
Hanover County by Waddell.)

The records indicate that this also was one of the great hurricanes of North
Carolina and considered by some historians to be the most violent to occur
along the North Carolina coast.

19th CENTURY HURRICANES

General. Prior to 1871, few records have been found in North Carolina
pertaining to hurricanes, By comparison of old shipwreck data with records
of hurricanes kept in adjoining states, it is the opinion of this office
that a number of the shipwrecks resulted from the effects of hurricanes.
Records of a total of 38 hurricanes affecting the coastal area of North
Carolina have been found and are briefly discussed in the following
paragraphs.

1804 - September 7. This hurricane struck the Atlantic coast near
Charleston, S.C,, then passed northward through North Carolina. Although
this storm was well inward of the North Carolina coast, it was so severe
that its effects were felt along the entire North Carolina coast.

1821 - September 2. This hurricane, commonly known as the 'Long Island
Hurricane," hit the coast of North Carolina near Morehead City and passed
close to New Bern and Washington into Virginia, near Norfolk. Although this
was a very severe hurricane, there are no records of shipwrecks or other
losses in North carolina.

1822 - August. The only available 1nformatxon states that this hurricane
struck the North Carolina coast,

1822 - September 27 or October 27. Conflicting records indicate that this
hurricane struck the coast of North Carolina on either September 27 or
October 27. Records indicate that the schooner ENTERPRISE was a victim of
the tropical storm by being wrecked near Rodanthe, N.C., on October 27,

1827 - July 30. This was considered as one of three hurricanes recorded as
afecting the North Carolina coast in the year 1827. Records have been found
for one other of these hurrlcanes. In all probability this was not a very
intense storm. .

1827 - August 24-25. Records indicate that this hurricane, known as the
"St. Kitts Hurricane," passed close offshore from Cape Hatteras, Tearing
the Diamond Shoals Lightship from its anchorage and wrecking it on Ocracoke
Island, thie hurricane was. probably quite severe along the northeastern
coast of North Carolina from Beaufort to the Virginia line; probably minor
in the Wilmington area.
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1830 ~ August 16. This tropical storm, the "Atlantic Coast Hurricane," hit
the South Carolina coast near Charleston on August 1st, then moved up
through North Carolina and out to sea near Currituck on the [6th,

1837 - August |, This tropical hurricane, "The Barbados Huvricane," moved
in a continuous arc through the eastern tip of Florida, up to a point south-
east of Wilmington, and then out to sea. Damages from this storm were
relatively light in North Carolina.

1837 ~ August 20. '"Calypso," as this tropical storm was named, passed close
off the shore from Cape Hatteras. While in all probability this hurricane
had sufficient destructive powers, there are no records of loss or damage in
North Carolina.

1837. - October 9. '"Racer's Storm™ first appeared southeast of Jamaica.
There were very high winds, and for 2 days (September 27-28) the Kingston
streets were flooded, The sloop RACER ran head-on into the hurricane in the
Yucatan peninsula and the Bay of Campeche. The hurricane destroyed the town
of Brazos, Santiago, on October 3-4, It then curved north, flooded the
Texas coast, and struck Galveston on the 5th. Curving more to the east it
hit New Orleans on the 6th, Mobile on the 7th, and Charleson on the 8th. It
"was on the North Carolina coast on the 9th where it was credited with taking
around 90 lives in one of the worst marine disasters in North Carolina
history, the wreck of the proud new steamboat HOME.

1842 - August 24. At least three ships were known to have been wrecked and
others were reported aground. This storm took a terrific toll in shipping,
lives, and property along the North Carolina coast.

1853 - September 7 - Cape Verde ~ Hatteras hurricane (Tannehill). No
specific data are available on this memorable storm, but weather records in
1893 mention this day as a day of previous high flood on the Cape Fear
River,

1854 - September 8. This huyrricane of great violence has been recorded as
passing near Charleston on September 8 and Norfolk on the 9th. Therefore,
it must have pased directly over eastern North Carolina, although no records
have been found proving this.

1857 - September 12. Conflicting data make it difficult to determine
whether this hurricane occurred in 1856 or 1857. It was reported that this
September storm, or "Northeaster" as they were called in the middle 1800's,
was very severe in southeastern North Carolina. A German farmer,
Mr. Charlie Teigen, who lived about 6 or 7 miles east of Wilmington, related
that the wind blew for 2 days and then shifted to southeast to southwest,
He further related that Wrightsville Beach at that time contained many live
oak trees. These trees, with the exception of a few which died soon after
the storm, were washed away. He also related that fishing shacks were
washed away and that debris floated across the sound into his yard which was
some 30 feet above sea level. Other reports tell of the hurricane passing




off Hatteras, and of a new inlet resulting south of Federal Point. 1If this
is a true account, there is little doubt but that this was one of the great
storms of the 19th century in North Carolina.

1861 - October. Very little information is available pertaining to this
storm. However, records indicate that a terrific gale scattered a fleet of
75 ships enroute from Norfolk to South Carolina. It is felt that in all
probability this storm was of sufficient strength to be classified as a
hurricane, although there are no definite records to this effect.

1871 - August 18-19. "The cyclone, after striking Savannah and Charleston
seems to have taken a more easterly course, as only moderately high winds

were felt here.

"August 21. Reports have been received that a very severe gale was raging
at Smithville (Southport) some 30 miles south of Wilmington, on the mouth of
the Cape Fear River, on Saturday night, August 19, (Data from journal of
Wilmington Weather Statiom.)

1871 - November 14, "The order UP SIGNALS was received at 1 p.m. Rain

continued thru the night, the wind was blowing very fresh with signs of
increasing force. The barometer kept falling rapidly until 10:50 a.m.
(lowest was 29.49)., The wind velocity up to that time had increased to 36
mph blowing strong gusts; the force of which could only be estimated. A
comparative lull of a few minutes was succeeded by a very heavy blast, at
least 45 mph. At that time the wind veered to southwest and the barometer
began to rise." (Wilmington data.)

1873 - October 6-8. Village of Punta Rassa, Florida, destroyed. There were
reports of damage at Jacksonville and Charleston and destructive gales off
Cape Henry. Winds from the west produced a maximum S-minute velocity of 38
miles per hour at Wilmington.

1873 - November 17. The Wilmington Weather Bureau reported winds from the

northwest, producing a maximum 5-minute velocity of 36 miles per hour.
Detailed information is not available on this hurricane.

1874 - September 28. The Wilmington Weather Bureau recorded the following:

"During the nights of the 27th and 28th the center passed northeasterly over
upper Florida to the coast of Georgia, pursuing a track similar to the
storms of 1873. 1t passed along the Carolina coast on the 28th developing a
force that has been generally compared to the hurricane of 1854, The center
of this storm passed a short distance east of Charleston and west of
Wilmington and Norfolk, crossing Chesapeake Bay on the morning of the 29th.
The lowest barometric pressures reported were: Charleston 29.06, Wilmington
29.15, Norfolk 29.41. The maximum 5-minute velocities were: Savannah,
N.W., 36 miles; Charleston, E,, and N.,W., 48; Wilmington, S.E., 45, and
S.W., 50; Cape Hatteras, S.E., 75."
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"----The 2 p.m. observation showed a fall in the barometer of .189, the wind

from southeast and oscillating to southwest with a velocity of 28 mph. At 5
p.m. the wind oscillated continually between the east and west point blowing
in heavy gusts of which some were 45 mph. At 5:15 the rain ceased. At 6:15
p.m. the center of the storm was immediately near, the minimum height of the
barometer occurred which read 29,149, The wind blowing in heavy gusts from
the east, southeast, and south and the anemoscope oscillating from the east
via south to the west several times to the northwest. At 7:15 p.m. the
barometer read 29.234 the wind blowing in heavy gusts almost uniformly from
southwest some of which attained a velocity of 48 to 50 mph....The destruc—
tion was very great in the Cape Fear area, uprooting large trees and carry-
ing them at a considerable distance. 1In many places along Water Street
(Wilmington) the waves of the Cape Fear River were above the wharf and the
business section was entirely deserted. The storm at Smithville
(Southport), 30 miles from Wilmington, was very disastrous. Several houses
were blown down, the warehouses on the Grrison wharf were completely
destroyed and the Oceanhouse was also demolished. The Spanish Barque
"Arrina" lying in the roads was blown over in ten fathoms of water. The
rice crop along the river was injured to the extent of 33 percent. The
telegraph lines were blown down; several railroad bridges were destroyed,
The corner of the new Post Office was blown down."

1874 ~ November 22. This is another tropical storm which was considered of
hurricane force, although there are no records to substantiate it. Records
do report that the schooner HENRIETTA of Saco, Maine, captained by James H,
Sampson, lost both of her masts during a sudden blow on November 18,
Wilmington Weather Bureau records indicate that a maximum 5-minute wind
velocity was recorded blowing from the southwest at 38 miles per hour.

1875 — October 13. This hurricane passed off the North Carolina coast. The
only records available state that the brig NELLIE ANTRIM was damaged by a
northwest gale off Cape Fear. Damage to the North Carolina coast was
probably light.

1876 - September 17. This hurricane, moving up from the Bahamas, struck the
Atlantic coast near the North Carolina-South Carolina State line and then
continued north, passing over Washington, D.C., between 4 and 6 p.m. on the
17th, Generally, the path of this hurricane coincided with that of
Hurricane Hazel in 1954, although this hurricane was not as severe a
hurricane as "Hazel." The anemometers at both Wilmington and Cape Lookout
were disabled at the height« of the storm after recording, respectfully,
north, 60 miles per hour; and southwest, 73 miles per hour. The lowest
pressures were: Smithville (Southport), 29.24; Wlmington, 29.32; Cape
‘Lookout, 29.46. Records indicate that there was considerable wind damage in
Wilmington and that at least one ship, the British bark EXCELSIOR, was
driven ashore near Wilmington. Reports also tell of a camp being washed
away at New River near Swansboro, N.C., and two lives being lost due to
drowning.




1877 - November 2. This hurricane is another of the many which have affect-
ed the coast of North Carolina, for which few records have been found. The
Wilmington Weather Bureau, however, has a record which shows that a maximum
5-minute velocity of 38 miles per hour was recorded from the southwest.

1878 - September 12, This hurricane moved almost due north from the Florida
Keys to Lake Erie. Reports relate that a great many ships were disabled and
wrecked and that the lighthouse on St. John's Bar near Jacksonville,
Florida, was blown down. The steamer CITY OF NEW YORK reported that the
hurricane lasted 40 hours between Charleston and Cape Hatteras. Maximum
winds recorded were: Smithville (Southport), 48 miles per hour; and Cape
Lookout, 75 miles per hour from the southeast.

1878 - October 22. The chart in the Annual Report of the Chief Signal
Officer indicates that this hurricane passed directly over Cape Fear. "The
storm commenced at Wilmington at 3 p.m., wind E.; at 10:20 p.m. wind sudden-
ly shifted from N.E. to N.W.; at 10:40 p.m. maximum velocity 36, N.W.
occurred and at 11:56 p.,m. the lowest pressure, viz., 29,12, Cape Lookout
barometer 29.05 wind S.E. 68 maximum velocity since 4:37 p.m., 100 miles.
Portsmouth reported wind S.E. 82; Smithville E. 32 and Charleston N.E., 30.
The steamer JUANITA, at Wilmington on the 22d, reported terrific N.E. gale
between Charleston and Tybee. The steamer CITY OF HOUSTON was lost on
Frying Pan Shoals. A great many ships damaged or lost all along the
Atlantic Coast." This was a very destructive storm along the coast.

1879 - August 19. This hurricane seemed to have followed a path resembling
those of "Carol" (1954) and "Connie" (1955). It apparently struck the coast
between Cape Lookout and Cape Fear, probably in the Swansboro vicinity.
There are many accounts of this hurricane in old books, records, and
newspaper clippings. One account reads as follows: :

A TERRIBLE STORM August 19, 1879

The worst storm every to have visited our coast took place today. It was
particularly terrific at Beaufort and Morehead City. The old Atlantic Hotel
was the first to go, and it was blown down completely, the guests being
forced to flee hurriedly. Next to go was the Ocean View Hotel. Scores of
buildings were blown down and several people lost their lives. At least a
dozen yachts also were smashed to pieces. The Atlantic and North Carolina
railroad tracks were torn up for about a thousand vyards. In Wilmington
dozens of houses also were unroofed and it is reported that great damage
took place elsewhere along the coast."

At 5 a.m. (18th) the wind reached its greatest velocity, 37 miles NW, at
Smithville, and at 5 a.m. at Wilmington W, 68 miles. At that time (5 a.m.,
18th) at Cape Lookout, the wind had increased to SE, 80 miles, the rain fell
in torrents, and a fearful sea swept away the stable and outbuildings. The
schooner SECCHELLE came ashore .as wind veered to southwest; and, although
drawing 12 feet, was carried, a total wreck, above the highest tidemark,
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over ground never remembered to have been overflowed before. After 5 a.m.
the wind and rain abated at Smithvillé, with 2.10 inches rainfall in the
preceding 10 hours. At 6"30 a.m. (18th) at Macon, the anemometer registered
80 miles and then the electrical connections failed. At 6:30 a.m. the
barometer at Cape Lookout, which at 6 a.m. was 29.22, had fallen to 29.15
and the anemometer cups were blown away, the wind then blowing at the rate
of 138 miles per hour. The barometer remained at 29.15 until 7 a.m., the
wind and sea still increasing. By 7:30 a.m. the barometer had risen to
29.18, with wind at its greatest force - an estimated velocity of SW, 165
miles, At 8:45 a.m., the wind at Portsmouth, N.C., was SE, 97 miles, when
the recording apparatus became temporarily disabled. At Macon the wind
veered to SW at 8 a.m. (18th) and the tide rose 4 feet above the ordinary
tide. At 8:30 a.m, the wind reached its maximum recorded velocity at Cape
Hatteras, S.E., 74, when the cups were blown away; and at Kitty Hawk at 9:50
a.m., S.E., 100 miles. The gale continued at Wilmington until 10 a.m., with
a total rainfall of 4.60 inches in 6-1/2 hours.

The damage done by this storm cannot be enumerated. The damage to maritime
property must have been enormous; reports at hand show that over 100 large
vessels were shipwrecked or suffered serious injury, while the number of
yachts and smaller vessels which were destroyed or seriously damaged must
certainly exceed 200. The journal of the Wilmington Weather Office gives a
detailed account of the destruction in the city and to ships in the
vicinity. This was most certainly one of the great hurricanes that have
struck the southeastern North Carolina coast.

1881 - August 27. This hurricane hit the Atlantic coast near Savannah,
Georgia, where there were over 335 casulaties. It then continued westward
into the United States. Relatively 1little damage occurred in North

Carolina. Reports from Masonboro Sound near Wilmington tell of a heavy gale
on the night of the 27th, with heavy seas and unusually high tides. Heavy
rains were experienced, and winds were recorded at 27 miles per hour from
the east. Undoubtedly, this was one of the very minor hurricanes affecting
North Carolina.

1881 - September 9. A report at the Weather Bureau office in Wilmington
reads as follows:

"Brisk NE winds and light rain early in the morning, and at 7:30 a.m.
accompanied by thunder and lightning. At 9:45 a.m. 'UP SIGNALS' received.
At 10 a.m, the wind increased to a gale (35 miles). The lowest barometer
reading was 29.302 at 1 p.m. The center passed station at 1 p.m. when wind
veered to the SW and to the west at 1:15 p.m. when the wind ' suddenly
increased to a hurricane blowing at the rate of 90 miles for 4 minutes when
the wires of the anemometer were carried away. At this hour the roof of the
Purcell House was blown off. Bark LIVE OAK blown ashore, small schooner
capsized in the river. Freight houses blown down, several vessels dragged
anchor in the river and were more or less damaged. Houses were unroofed,
shade trees, brick walls, fences, telegraph and telephone wires prostrated.
The damage done is immense and estimated at $60,000." A report on
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September 10, 1881, estimated the damage at $100,000. A maximum S5-minute
velocity of 65 miles per hour from the west was recorded at Wilmiangton.
This is the highest ever recorded at this station. This hurvicane is
congidered as one of the great hurricanes in North Carolina history, and
probably of greater intensity than Hurricane Hazel.

1883 '~ September 11, This tropical storm moved inland in the vicinity of
the North Carolina-South Carolina State line and spread over North Carolina.
Wind velocities along the North Carolina coast were recorded as 93 miles per
hour, SE, at Southport; 39 miles perhour, SE, at Wilmington; 60 miles per
hour, NE, at Fort Macon and Cape Lookout; and 48 miles per hour, NE, at
Hatteras. Wilmington barometer read 29.41 inches. Reports at Wilmington
tell of little damage except to the telephone exchange and to one ship which
broke loose from her mooring. The greatest damage caused by high water was
sustained by the rice crop.

1885 — August 24-25. This severe storm moved inland in the vicinity of the
South Carolina-Georgia State line on the 24th, passed landward of the coast,
and emerged into the Atlantic Ocean on the 25th near Kitty Hawk, N.C,
Maximum wind velocities recorded were: SW, 98 miles per hour at Southport;
S8W, 52 miles per hour at Wilmington; SW, 92 miles per hour at Fort Macon;
and S, 52 miles per hour at Hatteras. The anemometer cups blew away at
Southport before the peak of the storm arrived. At the peak, winds were
estimated at 125 miles per hour. The Wilmington barometer read 29.36
inches. Property damage at Southport and surrounding locations approached
$1 million. ‘

1888 - October 1ll. Records of this hurricane are very sketchy regarding
damage inflicted or path of travel. The records at the Wilmington Weather
Bureau, however, show a maximum 5-minute velocity of 47 miles per hour from
the NE and that the fastest mile recorded was 60 miles per hour, also from
the NE. The lowest barometric pressure reading was 29.454.

1893 - August 28. This seems to have been one of the great hurricanes of
the 19th century, The storm came from the Atlantic, passed north of the
usual track (north of the West Indies and Bahama Islands), and struck the
coast between Savannah and Charleston. Islands along the South Carolina
coast were submerged. At least 1,000 leves were lost in Charleston and the
property loss was $10 million. -The maximum wind velocity at Charleston was
reported as 96 miles per hour for 5 minutes, with an extreme l-minute
velocity of 120 miles per hour. The lowest barometer recorded was 29.076,
Entries in the Wilmington station journal read in part as follows:

"Wind continued to increase in force during early a.m. hauling to SE.
Pressure decreased to a reduced reading of 29.60 at 9:30 a.m. At 10:15 a.m,
wind was blowing at the terrific rate of 49 mph from SE, veering to S & SW
and moderating towards midnight. The damage in this immediate vicinity was
very slight from wind, but considerable damage (probably amounting to
several thousand) was done to merchandise in storms along river front. The
river . tide was highest ever known there. All the wharves being submerged.
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The greatest damage was to shipping. The Norwegian bark 'Bonita' was blown
ashore in Cape Fear River near Southport and a number of vessels wrecked on
the coast."

The marine losses were much greater than the station journal indicates.
Four ships were wrecked between Lockwoods Folly and Cape Fear. Eight more
were lost on Frying Pan Shoals. .There were other wrecks along the coast
between Cape Fear and Cape Lookout. One old newspaper report states that 36
ships were lost in the storm between Lockwoods Folly and Ocracoke Island.
The sea washed across Wrightsville Beach Island and Carolina Beach. For
Wilmington and the Cape Fear area this hurricane seems to have been the most
severe since records began in 1871, However, the old log books and news~—
paper clippings state that the hurricane that followed in October was even
more severe.

Other maximum wind velocities recorded were 72 miles per hour from the south
at Southport and 50 miles per hour from the south at Kitty Hawk.

1893 - October 13. The following is from the station journal at Wilmington:

"Rain continued from yesterday, becoming heavy at times. NE gale set in
during early morning. Barometer fell steadily all night and until 12:15
p.m. today, reaching 29 inches even, the lowest on record at this station.
The wind held steadily from NE until about 10:35 a.m. when it shifted to SE
blowing from that direction until 2 p.m. when it began to work around to SW,
increasing very regularly until 12:25 p.m., at which time the highest
velocity (56 mph) was attained, The wind was remarkable for the very
regular rate of speed maintained, the instrument recording 45 to 48 mph for
several hours. Very heavy gusts, of only a few seconds duration, caused
extreme velocity of 60 mph several different times extreme for the day 68,
and the high puffs doubtless reached as much as 75 or 80 miles. The wind so
steady from SE caused the highest tide in the memory of the oldest river
men, exceeding the previous highest tide (that of 1853) by 16 inches. The
water in the river was forced upstream by the tide and wind until it rose
over the docks, flooding Water Street and destroying great quantities of
stores, cotton, hay, flour, etc. Great damage was done to rice fields and
river docks.

"The storm had been heralded by the Weather Bureau and no doubt much loss
and greater disasters were avoided by the public heeding the warnings.
About 12:45 p.m. the barometer began to rise and it went up nearly as fast
and steadily as it had gone down., The wind began to slacken very slowly
about sundown, and by 8 p.m. the most severe storm that has visited this
station in its history of 23 years was over."

(This hurricane evidently was very destructive in the southeastern North
Carolina area, but there were fewer ships wrecked. The Charleston records
make no mention of the storm and it is barely mentioned in Tannehill's list,
This hurricane may have been similar to the one in 196l; perhaps it was
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small in diameter but of great intensity.” The numerous newspaper clippings
in the station journal indicate a very severe hurricane, worse than Lhe one
that struck in August. The path of this hurricane is not known here.)

1894 - September 27. This hurricane passed up through Haiti, Cuba, and
Florida before causing high winds in North Carolina. The Wilmington Weather
Bureau office recorded a maximum 5-minute velocity of 35 miles per hour from
the northeast. No other information is available.

1894 - October 9. : This hurricane moved northeastward along the Atlantic
coast states inside the coastline. At Wilmington, N.C.,, the storm was
accompanied by heawy rainfall and high tides, with very little damage in
that area. There are no other records of any value on this hurricane.

1898 - October 2. High east winds along the coast were reported. Hurricane
signals were received at Wilmington at 11 a.m. This hurricane appears to
have been much more.severe along the coast than indicated by observations at
Wilmington, since other reports state that a Navy lookout station at
Carolina Beach was destroyed by a heavy surf.

1899 - October 30. Following is the record of this storm as written up in
the Wilmington station journal: '

"Inappreciable showers during night. Light rain began at 8:20 a.m., became
heavy toward evening and continued at midnight. Generally cooler and rapid-
ly decreasing pressure after 10 a.m. The wind gradually increased in force
from the NE reaching a gale velocity at 3 p.m. and became very severe during
evening. Max. vel. of wind to midnight 42 mph from the NE. The gale
continued very severe during the night and forenoon accompanied by heavy
rain till 4:50 a.m. and light showers from 8:10 a.m. to 3:30 p.m. Rapid and
decided fall in barometer till 5 a.m. when it reached 28,90 (actual). After
this time it began to rise sharply. The wind gradually veered from NE to SE
during the night, blowing with increased force, reaching a maximum velocity
of 43 miles from the SE at 4:30 a.m. The wind came in great gusts at times,
reached extreme velocities of 50 to 55 miles. Toward noon the wind began to
shift to SW'ly becoming steady from that direction at 4 p.m. and gradually
decreasing in force. Gale ended at 8:07 p.m. Much higher temperatures
after midnight, falling slowly during the day. The amount of damage done in
Wilmington and vicinity is enormous, not so much by the high winds but by
the tremendously high tide accompanying. The tide reached nearly the high-
est point in the history of the port, and much damage was due to submerged
wharves and warehouse floors. At many points the overflow covered Water and
Nutt Streets. Ian the city proper only a few other minor damages were done.
Such as trees, signs, and awnings blown down and a section of the north wall’
of the Masonic Temple in course of erection.

"At the summer resort beaches - Wrightsville Beach 10 miles due east and
Carolina Beach, 18° miles southeast =~ the wind and tide played havoc.
Sixteen cottages were washed away at Wrightsville Beach and the remainder
more or less damaged. A large section of the railway trestle connecting the
beach with the mainland and the track on the beach was washed away.
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"At Carolina Beach the devastation was about as great and but few of the
cottages remain, From Southport only meager reports are to be had as the
telegraph wires are down. Such reports as received indicate much damage.
The steamer SOUTHPORT was thrown up on the shore 100 feet above high water
mark. The tug BLANCHE was thrown high and dry on the beach. The launch
NAPTHA costing $1,800 was smashed and is a total wreck. All wharves except-
ing the Govermment dock were demolished. Several houses near the water edge
were washed away. The most conservative estimates place the known damage at
and near Wilmington as $200,000."

Records pertaining to damages in other areas of North Carolina are not
available,

20TH CENTURY HURRICANES

General. While there have been numerous hurricanes which have passed north-
ward along the Atlantic coast, some skirting close to Hatteras, only those
which have shown a decided destructive force along the southeastern North
Carolina tidal areas, or those of unusual occurrences, are discussed in the
following paragraphs.

1904 - September 14. This tropical hurricane entered the Atlantic coast
near the North Carolina-South Carolina State line on the l4th, then recurved
northeastward, passing into Virginia. The Wilmington Weather Bureau office
recorded a maximum 5-minute velocity of 36 miles per hour from the south,
There was considerable damage to seaside property and many seagoing vessels
were wrecked.

1904 - November 13, This hurricane was born off the northern coast of South
America, moved in a northerly direction, and skirted the coast of North
Carolina. It was accompanied by heavy rains along the coast and snow in the
northern latitudes.. The observed central pressures were not usually low,
but the storm was fairly intense and caused considerable damage along the
coast.

1906 - September 17, This very severe hurricane entered North Carolina in
the vicinity of Southport, passing almost due west into the United States.
The record in the Wilmington Weather Bureau office reads as follows:

"September 17. Rapid fall of barometer during night with wind shifting from
north to northeast, increasing to a severe gale, and reaching a maximum
5-minute velocity of 50 mph at 8:55 a.m. Wind blew a gale for several hours
diminishing towards noon and veering to east and southeast. Considerable-
damage was done in the city and on the beaches. Trees and wires were blown
down in all directions and trestle on the trolley line to the beach badly
damaged. At the beaches a number of houses were washed away by the unusual-
ly high water. Wo lives were lost.
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"September 18. Reports continue to come in of damage by yesterday's stovm.
(Note - There seemed to be a reluctance to use the word 'Hurvicane' in the
old days.) Many small boats were driven ashore in the river and sounds but
no loss of life is so far reported in these waters. Steamer NAVAHOE from
New York and the PENTUNIA from Savannah arrived today. Both encountered the
storm of Monday off the mouth of the Cape Fear and reported it very severe
and that the beaches are covered with wreckage. The Captain of the NAVAHOE
reported the unusually low barometer reading of 27,95 at 9:30 a.m. Monday
about 13 miles southeast of the mouth of the Cape Fear. The fall became
very rapid with great oscillation and .hurricane from southeast. A calm of
about 15 minutes ensued followed by a southwest hurricane. Officers of the
vessel estimate the velocity as much as a hundred miles per hour. The baro-
meter observations taken during the storm preclude all possibility of an
error being made in the lowest reading. The vessel barometer, an aneroid,
was carefully compared on the 22nd and found to read .05 too high. (Note -
This would give a reading of 27.90 when corrected.)"

Of this storm the Charleston record reads:

"A tropical storm entered the S.C. coast near Georgetown moving generally
WNW up through SC. An unofficial 28,72 inches was recorded at Goergetown.
No reports were received from the immediate vicinity of the storm center as
it moved inland, although it caused considerable loss to shipping."

1908 - July 30. This storm of marked intensity moved northwestward through
the Bahamas, skirted the east coast of Florida, passed over Hatteras, then
moved out to sea. Records at the Weather Bureau office at Wilmington show
that the maximum 5-minute velocity recorded was 48 miles per hour from the
NE and that the barometer reached a low of 29.14. Winds reaching a velocity
of 58 miles per hour from the northwest were recorded at Hatteras. This
storm was rather severe along the coast where much damage was done. Records
tell of the flooding of Wrightsville Beach, and of the many homes which were
washed away. :

1908 - August 31 - September 1. There was something very puzzling about
this weak tropical storm. It 1s not listed in any record of hurricanes or
tropical storms and is barely mentioned in the Monthly Weather Review. It
apparently passed over the Weather Station at Cape Lookout. A letter from
the light house keeper says:

"I have respectfully to inform you that the Hurricane of Aug. 31lst and
Sep. lst, 1908, blew down the Storm.tower at this place; the lower section
is badly twisted, bent and broken."

There was no mention of a waterspout or tornado. The CO in Washington was
very much interested as this is the only instance of a regular storm-warning
tower being destroyed in a hurricane. The old letters do not explain the
mystery. The storm was not felt in southeastern North Carolina.
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1910 - October 19-20. This hurricane developed in the Caribhean, moved
northward, made a loop over westeran Cuba, crossed Florida, and then wmaved
northward along the Atlantic coastline and out to sea at Hatteras. Reports
indicate that this hurricane was of great violence along the North Carolina
coast, causing high tides and heavy seas at the beaches near Wilmington,
where a steel pier was partially washed away.

1913 - September 2. This hurricane moved north from the Bahamas to Cape
Hatteras, then curved west across central North Carolina where it dissipat—
ed. Wind velocities recorded were: Norfolk, Virginia, 50 miles per hour E;
Hatteras, N.C., 74 miles per hour SE; Raleigh, N.C., 37 miles per hour NE;
and Wilmington, W.C., 30 miles per hour W. Although the storm caused only a
few marine disasters, it did great damge in eastern North Carolina, particu-
larly in Pamlico and Beaufort Counties. Belhaven reported damages to be
approximately $350,000, while reports indicated that damages in Beaufort
County exceeded $2 million., Winds at Washington, N.C., were estimated as
being 90 to 100 miles per hour., The Neuse River at New Bern rose 1l feet
above mean low water, and along the Pamlico County coast the tide was
considered to be as high as that experienced in 1933 and 1955. Five lives
were lost in eastern North Carolina, and the total property loss was
estimated between $4 and $5 million. This hurricane was very minor in the
vicinity of Wilmington.

1916 - July 14, This is another example of an odd storm. The Monthly
Weather Review says:

"The hurricane is believed to have been one of the most severe that has
vigsited this coast since the Weather Bureau was established."

The storm apparently moved northwest, passed near Frying Pan Shoals, and
struck the coast in the area near the North Carolina-South Carolina
boundary. It was hardly noticeable at Cape Fear, but as it moved inland it
was accompanied by the heaviest rainfall on record for North Carolina. At
Altapass, N.C., the rainfall in 24 hours totaled 22.22 inches.

1918 - August 24. This small tropical hurricane moved inland just north of
New River Inlet, N.C., passed over the sound area of southeastern North
Carolina and into the Atlantic Ocean between Hatteras and WManteo. The
storm, while severe on the immediate coast, did not extend more than 50
miles inland. Maximum wind velocities recorded were 34 miles per hour NE at
Wilmington and 64 miles per hour SW at Hatteras. Considerable damage
resulted to beach resorts and towns along the North Carolina coast. A steel
pier was destroyed at Wrightsville Beach near Wilmington.,

1920 - September 22-23, This hurricane is unique in that it originated
comparatively near an offshore area, north of the Bahamas. It crossed the
coast near the mouth of the Cape Fear River, about 25 miles south of
Carolina Beach. It was rather weak and caused little damage. The maximum
5-minute wind at Wilmington was 33 miles per hour NE, and the minimum
barometric pressure was 29.93 inches,
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1924 - August 25, The storm center moved up over Puerto Rico along the
Atlantic coast and passed a short distance east of Hatteras, where highest
winds were recorded as 72 miles per hour from the northwest. The Weather
Bureau at Hatteras rates this tropical storm as one of rhe greatest hurri-
canes, both in intensity and extent, ever experienced off the Atlantic
coast. ' '

The station journal at Wilmington reports as follows:

"Very heavy swells from the east.rolled in at the beach...The wind was
considerably stronger at the beach than at Wilmington, the estimated maximum
velocity being 45 mph. The maximum velocity at Wilmington during the storm
was 28 mph...,No damage was done in the vicinity of Wilmington. Residents at
Wrightsville Beach were considerably alarmed and several hundred people came
to the mainland in the afternoon."

1924 - September 20. This disturbance originated in the east Gulf area,
moved inland over northern Florida, skirted the Atlantic coast to the North
Carolina-South Carolina State line where it moved inland, passing just north
of Wilmington, N.C., and struck the Atlantic coast again just north of Cape
Henry, Virginia. Wind velocities recorded were as follows: Wilmington,
N.C., 40 miles per hour SW;. Hatteras, 52 miles per hour S; and Norfolk,
Virginia, 65 miles per hour W. Easterly gales were experienced along the
entire coast, but no reports of damages have been found.

1925 - December 2. This storm is of interest due to the late date of
occurrence., This hurricane passed through eastern North Carolina, hitting
the coast near Cape Lookout. Highest wind recorded was 40 miles per hour SW
at Atlantic City. A ship 100 miles SSE of Wilmington reported a barometer
reading of 28.90 inches. Unusually high tides were reported, but damages
were light. '

1928 ~ September 18. This hurricane originated near the Cape Verde Islands,
moved to central Florida where it recurved to follow the coastline of the
United States, then passed inward to the Great Lakes, This storm, said to
be one of the most violent and -destructive of the century, was most destruc-—
tive in Florida where the barometer at West Palm Beach fell to a low of
27.43. As this storm moved northward from Florida it decreased in intensity
and was not too severe in the coastal areas of North Carolina; however, the
heavy ' rains which accompanied- it caused considerable flooding at
Fayetteville. Maximum wind recorded at Wilmington was 24 miles per hour SE,
with a barometer reading of 29.12.inches.

1930 - September 12. This tropical disturbance passed about 50 miles south-
eastwardly from Hatteras and continued generally east into the ocean. The
Weather Bureau office at Wilmington reported the maximum wind as NE, 15
miles per hour, with a barometer reading of 29,71 inches. Reports tell of
heavy seas at Wrightsville Beach but little damage. No other information is
available. C
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1933 - September 16, This tropical hurricane wmoved up the Atlantic coast
and pased slightly to the west of Hatteras, N.C. Wind velocities recorded
were 42 miles per hour NW at Wilmington and 76 miles per hour at Hatteras,
where the low barometer reading was 28.25 inches. While this storm was not
particularly severe in the Cape Fear area, it caused extensive damage in the
Hatteras area. Record high water was reported all along the western shore
of Pamlico Sound. At Oriental and Arapahoe the water was reported to be
about 8 inches higher than during "Ione" in 1955. Atlantic also reported
higher water than that which occurred in 1955. Old residents of Beaufort,
N.C., delcare it was the worst storm they ever experienced. Twenty-one
lives were lost, and the property damage along the North Carolina coast was
estimated at more than $3 million. Heaviest damages occurred from Carteret
County to the Virginia line.

1934 - July 21-25, This hurricane was hardly noticeable in the Wilmington
area, but it is noteworthy because of its unusual origin and path,. It
originated off Cape Hatteras and, moving southwest, it crossed into the Gulf
of Mexico and struct Corpus Christi, Texas.

1935 - September 5. This hurricane caused minor wind damage in Wilmington
and practically none at nearby beaches. It passed inland, about 100 miles
west of Wilmington, where the maximum 5-minute wind was recorded at 48 miles
per hour S, and the minimum barometric pressure was 29.63 inches.

1944 - August 1. Originating several hundred miles north of Haiti, this
storm moved into North Carolina after striking the coast a short distance
south of the State line, went northward through North Carolina and Virginia,
then northeastward into the Atlantic with diminishing force. The winds at
Wilmington reached an extreme velocity of 52 miles per hour from the south,
with gusts estimated as high as 72 miles per hour. A maximum 5-minute
velocity of 46 miles per hour S was also recorded at Wilmington, where the
barometer fell to 29.41 inches. No exact data on wave heights were
obtained.

Wrightsville Beach suffered heavy damages. Two piers were partially wrecked
and many roofs were damaged, Total damage in southeastern North Carolina
was estimated at $1,600,000. However, there were no fatalities.

1944 - September 14. The center of this storm, known as the Great Atlantic
Hurricane, passed almost directly over Hatteras, traveling about due north.
Highest wind velocities recorded in North Carolina were: 90 miles per hour
W at Hatteras; 70 miles per hour NNW at Elizabeth City; and 27 miles per
hour NW at Wilmington. The storm had little effect on the Wilmington area;
67 mile-per-hour winds were reported in the Morehead City-Beaufort area., A
low pressure of 27.97 inches was reported at Hatteras, the lowest reading in
over 70 vyears, Along the North Carolina coast, property damage was
estimated to exceed half a million dollars, while damages to crops were
estimated at over $1 million.
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1945 - September 16-17. This tropical storm moved north-northeast from
Richmond County in southern North Carolina to Person County in the northern
part of North Carolina. Although the loss of life and livestock was small,
chiefly because of adequate warning service, the economic losses were very
large. The heavy rains in the interior of North Carolina caused record
floods on many rivers. The Cape Fear River at Fayetteville reached a stage
of 68.9 feet on the 2lst. No estimate of the total damage caused by this
hurricane has been made. The maximum S5-minute wind velocity at Wilmington
was only SSE, 32 miles per hour. Practically no damage was caused along the
coast.

1946 - July 6. This tropical disturbance crossed the coast in the vicinity
of Charleston, then moved north-northeastward, pasing approximately 20 miles
west of Wrightsville Beach. Barometric pressure was read at 29.7]1 at
Wilmington, and gusts to 60 miles per hour were experienced at Wrightsville
and Carolina Beach. This storm was considered as being of moderate
intensity, and property damage was of a minor nature.

1947 - October 12-13. This hurricane moved northeastward off the coast,
causing high tides and heavy rain all along the southeastern coast. High
tides flooded much of the lowlands and forced residents to evacuate some
homes in Morehead City. The waterfront in Wilmington suffered some damage
to stock, due to high water in the street,

1953 - August 13, Hurricane Barbara, as this tropical disturbance was
labeled, moved northward offshore of southeastern North Carolina on the
12th, moved inland above Cape Lookout on the 13th, and then passed oceanward
just south of the Virginia line early on the l4th. Property damage along
the shore was estimated at about $100,000, mostly to beach houses and ware-
house roofs, with most of the damage resulting from vulnerable construction.
One death was attributed to this hurricane when a man was swept from a pier
at Wrightsville Beach and presumedly drowned.

1954 - August 30 ("Carol"). This tropical storm moved from the Caribbean to
a position about 400 miles off the coast of South Carolina on August 25,
The storm developed into full hurricane force, but moved very slowly. 1In
fact, it was still well off the Carolina coast 4 days later. On the evening
of the 30th the hurricane moved suddenly north-northeastward, grazing the
coast of North Carolina. The beaches were pounded by high tides and heavy
rains, but winds of hurricane force failed to reach shore. The effect of
Hurricane Carol on the North Carolina coast was not severe and the property
damage in any given locality was light, but there was considerable erosion
of the shoreline. Over the length of the coast, however, damages totaled an
estimated $250,000, consisting of approximately $225,000 damage to piers,
roofs, television antennas, and about 1,000 feet of paved highway which was
undermined on the outer banks by high tides. The remaining $25,000 damage
was to crops, which resulted from corn and soybeans being blown down in the
fields. Considerable erosion was experienced along the entire North
Carolina coast. The waterfront section of the town of New Bern experienced
some flooding. A peak gust of 78 miles per hour was observed at Hatteras.
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1954 - October 15. Hurricane Hazel, the most destructive and damag ing storm
that has struck the North Carolina coast in over SO voars, orviginaled g
short distance south of Barbados on the morning of October 5. The center
was first located about 50 miles east of Grenada. The storm maneuvered
through the Caribbean and Atlaantic Ocean, causing much damage in Haiti and
the Bahamas, and reached the coast of the United States on October 15. The
tropical cyclone crossed the coast in the vicinity of the North Carolina-
South Carolina 8tate line. It quickly passed east of Whiteville and
Clinton, west of Goldsboro, Wilson, and Nashville, and across the Virginia
line. This hurricane took a toll of 19 lives in North Carolina. Total
damages throughout the State have been estimated at $125,309,000, of which
an estimated $31,190,300 occurred in the coastal and tidal areas.

1955 = August 12. Hurricane Connie, the first of three moderately severe
hurricanes to strike North Carolina during 1955, originated on August 5 near
latitude 18°-30'N., 'longitude 55°-15'W. The center moved northwestward
until the afternoon of the 10th when it recurved northward, crossing the
coast of North Carolina on the 12th in the vicinity of Cape Lookout. It
then moved across Hyde and Tyrrell Counties, passing just east of Elizabeth
City before passing into Virginia. Most of the damages were attributed to
‘flooding. Total damages throughout the State were estimated at $50 million
as a result of this tropical storm.

1955 - August 17. Hurricane Diane, the second tropical hurricane of 1955,
followed closely behind Hurricane Connie. Hurricane Diane developed into a
tropical storm on August 10 near latitude 22°N., longitude 60°W., and
intensified to hurricane force that night. The course was rather erratic,
traveling northwestward, northward, and north-northeastward until it abrupt-
ly turned westward on the 1l2th, On the 13th the storm traveled west~-
southwestward for a short time, then established a steady west-northwest
course for 3 days. On the l6th it recurved northwestward, and crossed the
North Carolina coast near Wilmington on the l7th. It passed over Durham and
then headed toward Lynchburg, Virginia. Hurricanes Connie and Diane came so
close together that separate damage estimates for the entire State were
impossible. The combined loss, however, is estimated to exceed 590 million,
with an estimated $25,682,400 agricultural damages occurring in the tidal
areas.

1955 - September 19, Hurricane Ione, the third and most severe hurricane of
1955, originated on September 14-15 near latitude 19.5°N., longitude 62.6°W,
From there "Ione" pursued a northwesterly course toward the North Carolina
coast. The greatest intensity was reached late on the 17th, with a central
pressure of 27.70 inches and maximum winds of 125 miles per hour. The
center moved northward off the South Carolina coast and crossed the North
Carolina coast approximately over Morehead City on the morning of the 19th.
The center passed west of Cherry Point, between Oriental and New Bern, and
then northeastward to the coast near the Virginia line. Principal damage
occurring from "lone" was due to water. Total damages throughout North
Carolina were estimated at $88 million, with an estimated $22,317,200
occurring in the tidal area. Agricultural damages were the largest
suffered.
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1958 - September 27. Hurricane Helene was a severe hurricane, more so
because of its high winds than because of induced wave and tide action. It
formed as a tropical storm in an "easterly wave" in the Atlantic Trade Wind
Belt on September 23, 1958, about 300 miles northeast of Hispaniola., It
continued to increase in severity as it approached the coast in a northwest-
ward direction. ‘

Veering from a predicted landfall at Myrtle Beach, S$.C., during the night of
the 26th, it turned north towards the Cape Fear. The hurricane apparently
reached maximum intensity early Saturday, September 27th, with a lowest
reported central pressure of 27.55 inches at a point south-southeast of Cape
Fear. Its center passed to the east of Wrightsville Beach near noon,
September 27th, giving the highest winds recorded at Wilmington since the
Weather Bureau station was established in 1871; a maximum 5-minute wind
velocity of 69 miles per hour north and a peak gust of 135 miles per hour
were attained. The minimum barometric pressure recorded at Wilmington was
28.80 inches. It is estimated that damages were $221,800 at Wrightsville
Beach,

1960 - September 11-12. Hurricane Donna was a severe hurricane at
Wrightsville Beach, and would have caused even more damage if it had struck
about 3 hours later, so as to coincide with a lunar high tide. Its early
path through the straits of Florida indicated a landfall on the gulf coast,
but it suddenly turned north, traversed the Florida peninsula, went to sea,
and made a second landfall in the Cape Fear area. It subsequently struck in
the Morehead City-Beaufort, N.C., area, causing great water damage.

The center of the eye is reported to have passed a few miles east of
Wrightsville Beach, although Wilmington and Wrightsville Beach were in the
eye for about apm hour. At Wilmington airport the lowest barometer reading
was 28.41 inches and the maximum }-minute wind velocity was 53 miles per

hour, northwest, with a peak gust of 97 miles per hour. Total damages at
Wrightsville Beach were estimated at $338,000, of which $222,000 were
attributed to wave action and tidal flooding.

1964 - September 1. Hurricane Cleo passed over Bodie Island, moving easter-
ly. Hatteras observed windspeeds up to 45 miles per hour. The minimum
pressure observed was 29.56 inches. There was no damage reported on the
North Carolina coast.

1964 - September 13. Hurricane Dora passed over Hatteras Island, moving
northeasterly. Hatteras fastest l-mile windspeed was 35 miles per hour,
north-northeast. Gusts of 4l-miles: per hour were recorded. The minimum
pressure observed was 29.50 inches. -Tides of 2.52 feet above normal were
recorded in Pamlico Sound. There was no damage reported in North Carolina.

1964 - October 16. Hurricane Isbell passed over Morehead City, N.C., moving
north-northwest. Hatteras Weather Station recorded the fastest l-mile
windspeed as 36 miles per hour. The minimum pressure observed was 29.42
inches. There was no damage reported in North Carolina.
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1967 - September 16. Hurricane Doria dropped to tropical storm intensity

just before making landfall at the Virginia-North Carolina border. Hatteras
Weather Station recorded the fastest l-mile windspeed as 26 miles per hour.
There was no damage reported in North Carolina.

1971 - August 27. Tropical storm Doria passed over the North Carolina coast

west of Morehead City. Hatteras fastest l-mile windspeed was 41 miles per
hour, south-southwest. Gusts of 54 miles per hour were recorded. The
minimum pressure observed was 29.61 inches. Tides were 1 to 2 feet above
normal in Pamlico Sound. Damage throughout North Carolina was minor, and
total property and crop estimates were set at about $150,000.

1971 - September 30, Hurricane Ginger passed over Morehead City moving

northward. Hatteras Weather Station recorded the fastest l-mile windspeed
as 44 miles per hour, southeast. Gusts of 70 miles per hour were recorded.
The minimum pressure observed was 29.43 inches., Tides on Pamlico Sound were
4 to 7 feet above normal. Rainfall was heaviest along the shores of Pamlico
Sound, 10 to 13 inches. Damage throughout North Carolina was estimated at
$10 million. Agricultural damages were the largest suffered.

1973 - February 17, The most damaging winter coastal storm of the present

generation was on February 17, 1973, The following newspaper quote
succintly describes the storm:

"North Carolina's land mass is smaller by several hundred acres this week as
a result of a severe coastal storm which gnawed away at beaches from Corolla
to Cape Fear.

"During the two days following a freak storm that frosted the state's
eastern lowlands with up to 15 inches of snow, savage 56-knot winds and
powerful 40-foot waves hauled tons of sand from the shore.

"The wind-whipped sea toppled large buildings in resort communities on the
Outer Banks, nearly bisected at least two offshore islands, ripped wup
highways, filled roadbeds with sand and carved away large chunks of sandy
beach,

"The worst of the storm's fury was directed at Buxton, Kitty Hawk, and Nags
Head, but severe erosion and some property damage occurred at the more
southerly resort communities of Wrightsville Beach, Carolina Beach and
Topsail Beach." (Raleigh News and Observer, February 19, 1973.)

A typical description of local damage, from the same source, is "At Kitty
Hawk four beach cottages were washed away, nine were toppled by the waves
but left partially standing, 12 others received structural damage from the
pounding surf and dozens of others are left standing so near the encroaching
sea that another storm would undermine them."

A-23



1979 ~ September 5. This storm originated as a zone of disturbed weather
about 1,200 miles west of the coast of Africa on 25. August, and developed

strength as it moved west across the South Atlantic, - The. storm attained
hurricane status on Monday, 27 August, at which point it was 700 miles east
of the Lesser Antilles. By noon on 28 August, Hurricane David was

accompanied by sustained 150 mph winds. From Tuesday, 28 August, to Monday,
3 September, Hurricane David proceeded on a course north of west, skirting
the southern coasts of Puerto Rico and Hispaniola, heading toward southern
Florida., At 0200 EDT on 2 September, David was 85 miles east-southeast of
Miami. Hurricane warnings were posted for southern Florida on Monday, 3
September, and by 0400 on Tuesday, 4 September, warnings were in effect as
‘far north as southeast North Carolina, At approximately 2000 hours EDT on 4
September, Hurricane David went ashore near Savannah, Georgia, with maximum
winds of 90 mph and an ocean storm surge of about 6 feet. Once over land,
David weakened to tropical storm status by 0300 EDT, 5 September, and to
gale status by 1800 EDT, 5 September, while continuing on a generally north-
northeast course through North Carolina and Virginia on into New York State
and New England.

The effects of storm David were first experienced in the vicinity of
Wrightsville Beach during the afternocon and evening of Tuesday, 4 September.
Sustained winds of 30 to 40 mph out of the south and southeast and higher
than average spring (astronomical) tides resulted in a maximum ocean water
level (stage) of +5.2 fet MSL (+7.0 local MLW) as recorded by the SAW tide
gage on Cyrstal Pier, located about 3,000 feet north of Masonboro Inlet.
This maximum water level occurred at 1830 EDT Tuesday, and was 2.0 feet
above the predicted high tide elevation. The following low tide at about
0100 EDT Wednesday was 1.7 feet above the predicted tide. Thereafter, the
difference between predicted tide height and observed tide height decreased
to about 0.6 foot during Wednesday, 5 September, and to about 0.3 foot by
0100 EDT Thursday, 6 September.

Highest wind speeds recorded by the National Weather Service and U.S. Coast
Guard wind gages during this same period were: Wilmington Airport, 51 knots
from the southeast at 0332 EST, 5 September; Wrightsville Beach Coast Guard
Station, sustained 38-knot winds from the southeast, gusts to 52 knots, 0425
EDT, 5 September; Oak Island Coast Guard Station, gusts to 53 knots, 0300
EDT, 5 September; and Holden Beach, 60-knot gusts, 0400 EDT, 5 September.

There were no wave gages operating in this vicinity during the passage of
storm David. Additionally, the Frying Pan Shoals Light Tower was evacuated

because of the storm threat. Consequently, only an estimated wave height of
10 to 12 feet is available from visual observations of the surf at
Wrightsville Beach on 4 and 5 September.

Comparison of the maximum recorded stage during David of 5.2 feet above MSL
(7.0 feet MIW) to the stage-frequency curve presented 1in the authorizing
document for the Wrightsville Beach project (H.D. 511, Plate E-1; this
report, figure 1) suggests a recurrence interval of one event per 3.5 years
for a stage comparable to that from storm David. However, a review of
Crystal Pier tide gage records for the period January 1976 to the present
showed that, although the +5,2-foot MSL stage during storm David was the
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maximum for this period, there were no less than 7 occurrences of stages
within 0.5 foot of the David maximum (two occurrences at 5.1, one at 5.0,
one at 4,9, and three at 4.8 feet MSL). It was, therefore, deemed
appropriate to adjust the stage-frequency curve such that a 5.0-foot MSL
(6.8 feet MLW) stage corresponded to a one-year recurrence interval, rather
than a 3.0-year interval.

The following paragraph is extracted from a field damage report for
Wrightsville Beach and 1is a portion of Report Number RR052020Z Sept 79,
SITREP No., 1 — Hurricane David, which was sent via teletype to DAEN-CWO-E on
5 September 1979,

Additional erosion to the dune line on island of approx 2 to 3 ft.
The bulkhead on the north side of the Holiday Inn has experienced
some minor erosion. The fill located between the sandbags and the
Garrabrant House on Shell Island has washed out. The fill behind
the NE corner of the bulkhead at the house on the NE end of Scotch
Bonnet Lane has washed out and 20 ft of sidewalk has washed away.
Red house on the southeast end of Cowrie Lane has had a minor
washout to the north end of the bulkhead. On the north end of Shell
Island 3 to 4 feet of the southerly dune has washed away from Cowrie
Lane north. There is an overwash area approx 100 ft wide on the
south side of the Islander extending to within 5-75 ft of the main
road. There is roughly 22 ft of erosion to the dune from Mallard
Street to the Islander. One bent of Mercer's Pier has been damaged
and the pier is sagging on the south side approx 50 ft from the end
of the pier. There has been a washout of the dunes between Augusta
and Raleigh Streets. The house on the south end of Augusta Street
has water partially underneath it, And at this time a temporary
dune is being constructed at the end of Raleigh Street at a house on
the south-southeast end. A porch roof on Stone Street has been
blown away.

A-25



1=V 31vid

CYN'NOLONIWUM ‘13131510 ¥IINIONI AWAY ‘ST

1SVOD "O'N 4O S3TIW 0SL NIHLIM
SINVORRNNH 1VIIdO¥L 4O SHIVd

{19) ALINIDIA OGNV "D'N ' HOV38 JTUASLHORM

A9 GENOIMD
Y

SINW  31Nlvis

0961°€1-¥ 143§

_ 8661'6T-€T 143§
SS61°€2-01 ‘143S
¥S61°'81-S 150
yS6L'M-Z 43S
§561'12-L 'ONV

$S6L ‘7i-€ ONV
S61°16-ST 'OV

~ gs6L'9-11'ONV
,Nmo_uwgwm-u_mgq<

VNNOQ
INTIH
3aNOI
13zvH
VNG3
aNvia

- JINNOD
08V
vivaNve
eV

op of<IxOO O &

'Wd £ 1V SNOILVYDO1 Juv
STOAWAS QRIFTIWNNNN "NOILYOO
1. W'VYZ 31ISOddO HINOW 40 AvQ

. MOHS STOSWAS A8 SHIGWNN :3LON

001

oS 0

- __]
oS

AWEY S0




APPENDIX B

SOCIOECONOMIC CONDITIONS




APPENDIX B
Socioeconomic Conditions

The following is an overview of economic and social conditions of New
Hanover County, the socioeconomic study area. Both Wrightsville Beach and
the city of Wilmington, North Carolina's largest coastal city and port, are
situated in New Hanover County. With its largely urban character, New
Hanover County is the primary market for Wrightsville Beach day use.

Base Socioeconomic Conditions. The population of New Hanover County grew at
an annual rate of 2.2 percent during the period 1970-1980, reaching 103,471
"in 1980, and having a population density of 559.3 per square mile. For the
period 1970~1975, net migration was +10.8 percent. 1In 1970, the percentage
of urbanization in New Hanover County was 69.5, less than the United States
average of 73.5, but greater than the North Carolina average of 45.0.

In 1970, the median education level for persons 25 years old and over in New
Hanover County was 12,.0. The percentage of high school graduates in the
group was 50,

In 1978, per capita income in New Hanover County was $6,728, slightly higher
than the North Carolina per capita income of $6,640. During the period
1970-1978, real per capita income increased at an annual rate of 2.81 per-
cent. In 1979, the civilian labor force numbered 46,490, of which 43,690
persons were employed and 2,800 persons, or 6 percent were unemployed.
During the period 1970-1979, employment in New Hanover County grew at an
annual rate of 3.45 percent, a growth rate higher than the 2.2 percent for
population. In 1979, 24 percent of all employed persons in New Hanover
County worked in manufacturing industries. Of the 76 percent in non-
manufacturing industries, one-third worked in the trade industry, and one-
fourth worked for a government.

The 1980 permanent population of Wrightsville Beach was 2,910, a 71.1
percent increase over the 1970 permanent population. In 1980, the estimated
summer population was 8,024, excluding day visitors.

Projected Socioeconomic Conditions. The 1990 through 2035 projections of
populations, employment, and per capita income presented below are based on
draft county disaggregations of State OBERS projections for North Carolina.

TABLE 1
New Hanover County
Year 1990 2000 2010 2020 2030 2035
Population 117,588 ) 129,814 | 140,359 | 149,658 | 157,520 | 161,658
Employment 57,582 63,701 68,0751 69,245 70,552 71,221
Per Capita Income 6,246 7,905 9,869} 11,817 | 14,323 | 15,842

(in 1972 dollars)
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TABLE 1 (Cont'd)

' Wrightsville Beach

Year 1990 2000 2010 2020 2030 2035
Beach Day 593,200 878,000 1,299,700 1,512,900 1,512,900 1,512,900
Visitation¥ '

(Annual User Days)

*Parking capacity of 1,512,900 reached in the year 2011.
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APPENDIX C
Economic Appendix

Introduction

The evaluation of the shore processes, presented in detail in appendix D and
sunmarized in the main report, indicates that the total rate of volume loss
off Wrightsville Beach is 130,000 cu yds/yr. Of this total, 60,000 cu yds/
yr was attributed to the Masonboro Inlet navigation project while the
remaining 70,000 cu yds/yr is due to historic losses and the anomalous
convex shape of the Wrightsville Beach ocean shoreline. The 60,000 cu yds/
yr deficit due to the Masonboro Inlet navigation project will be placed on
Wrightsville Beach at 100 percent Federal expense as part of the O&M cost of
this navigation project. Therefore, in evaluating the without project
condition, only the effects of the 70,000 cu yds/yr deficit on the beach and

its development was considered.

Most of the erosion of Wrightsville Beach 1is occurring north of Station
50400 which lies 5,000 feet north of the north jetty. South of this point,
the beach is considered to be stable even though some erosion was measured
in this area during the time period used in the shore processes analysis.
Moreover, the southern 5,000 feet is expected to remain stable whether or

not Wrightsville Beach receives any additional artificial nourishment.

The movement of the shoreline within the 9,000-foot section associated with
Ehe 70,000 cu yd/yr deficit varies from a low of 1.2 feet of erosion per
year at Station 50+00 to a high of 14.8 feet of erosion per year at Station
130+00 which is 1,000 feet south of the northern limits of the authorized
project. Rather than deal with a variable rate of erosion, an average
erosion rate of 8.9 ft/yr, was determined from 10 profile stations within

the 9,000-foot reach, was adopted.

Based on the evaluation of the shore processes at Wrightsville Beach, the
economic benefit analysis considers the southern 5,000 linear feet of beach
stable and uses the average erosion rate of 8.9 feet per year for the

remaining 9,000 linear feet of beach. An October 1982 price level applies
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to all values. An interest rate of 7-7/8 percent and a period of analysis
of 50 years are used. The base year is 1987. The "without" condition in
the economic benefit analysis is the authorized berm and dune project fully
in place in 1981 but not maintained thereafter. The "with" condition is
continued maintenance of the authorized berm and dune project beginning in
1987, the base year, by fully restoring the praject and maintaining it

throughout the period of analysis.

Beach Erosion and Flood Damage Reduction

Benefits for beach erosion control include the value of land and improve-
ments that would be lost to erosion if the authorized berm and dune project
were not maintained. The assumption that the structures would be lost to
erosion is based on the fact that the structures could not be moved without
sustaining severe damage and the fact that there 1s no place to move the
structures except the mainland. . A 125-foot width of beach used in the
recreation analysis was not included in the land lost to erosion. The
87-foot width of dune was not included either. At the average annual
erosion rate of 8.9 feet, 2005 is the first year that erosion takes place
landward of the 125 feet of recreation beach and 87 feet of dune. For each
year 2005 through 2023, land valued at 51,001,250 would be lost to erosion,
This amount is based on ocean front lots 160 feet deep being valued at
'$2,000 per linear foot in Octobér 1982 or $554,500 per acre. With an
eroding beach 9,000 feet lﬁng, 1.83884 acres of land are lost annually. For
each year 2024 through 2037, land valued at $667,499 would be lost to
efosion. This amount is based on second and third row lots of 60 feet by 80
feet average size being valued at approximately $40,000 each or $363,000 per
acre. The erosion rate and length of eroding beach are assumed to remain
the same throughout the 50-year period. The average annual value of these

land losses would be $225,700.
A structure was assumed lost when-approximately one~half the lot on which it

was built was lost to erosion. The -values of the structures lost by year of

assumed loss are shown below.
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Year of Loss Value of Structures Lost

2010 $ 1,500,000
2016 8,224,000
2022 18,441,000
2027 1,220,000
2030 - 1,684,000

The average annual value of these structure losses would be $209,300.

Flood damages as a function of storm return interval were computed for the
condition of '"preproject shoreline" and for the full project in place
condition existing in 1981. With the full project in place, the dune has a
top elevation of 13.5 feet m.s.l. and provides protection from ocean
flooding up to and including the 35-year storm. Table 1 is a summary of
numbers of units and damageable property'values for the areas subject to
benefit from the project, Average annual flood damages for preproject
shoreline conditions, for authorized project and continued maintenance
conditions, and the resulting flood damage reduction benefits are.shown in
table 2. Figure C-1 shows the "without" condition of the authorized project
fully in place in 1981 but without continued maintenance, thereby resulting
in the project and flood damage reduction benefits eroding away to
preproject condition by the year 2005. Without maintenance, erosion would
continue throughout the 50-year period of analysis resulting in structure
loss as well as land loss. In order to not claim flood damage reduction
benefits on structuresafter their loss to erosion during the 50-year period
of analysis, the following procedure was taken. The values of the lost,
structures were converted to percents of the total value of damageable
structures, Those percents were then applied to and deducted from the flood

damage reduction benefits computed for the applicable years.

Figure C-2 shows the average annual flood damage reduction benefits for the
"with" condition of 'fully restoring the authorized project in 1987 and
maintaining it thereafter. The decline in the average annual flood damage
reduction benefits after 2005 reflects the loss of structures that would

occur in the absence of continued maintenance of the project. The total

average annual value of these flood damage reduction benefits would be
$169,500.
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TABLE 1
Damageable Property Summary¥

Damageable Property Value
(Structures & Contents,

Zone Type Number of Units Oct 1982 Price Level)
Oceanfront Residential 122 $13,772,800
Oceanfront Commercial A 2,511,700
Mid-island Residential 347 30,434,300
Mid-island Commercial 38 3,997,400

Total 516 $50,716,200

¥Includes-only property within the 9,000 linear feet subject to benefit
from continued maintenance.

- . TABLE 2

Average Annual Flood Damages and Flood Damage Reduction
Benefits, Authorized Project and Continued Maintenance

Average Annual Average Annual
Average Damages with Flood Damage
Annual Damages  Authorized Reduction Benefits
for Preproject Project and With Project
Shoreline Continued and Continued
Zone " Type " Condition Maintenance Maintenance
Oceanfront Residential . °$120,516 $ 70,454 $ 50,062
Oceanfront Commercial - 48,633 " 26,890 21,743
Oceanfront Utilities = 6,428 3,699 ’ 2,729
Oceanfront Transportation - 335 . 114 221
Mid-island Residential . 276,373 - 142,776 133,597
Mid-island Commercial 106,508 T 48,329 58,179
Mid-island Utilities 14,549 7,262 7,287
Mid-island Transportation 2,105 _ 860 ' 1,245
3575 ,447 . $300, 384 - §275,063
C-4-
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The increase in value of residential contents in the future was projected
using the projected gr.owth rate of per capita income for New Hanover County
as shown in the draft County disaggregations of State OBERS projections for
North Carolina. Projections were limited to 75 percent of the value of the
residential structures. As residential structures were assumed to be lost
due to erosion, commensurate deductions were made from content values. The’
average annual benefits related to projected increasing value of residential

contents would be $35,300.
Recreation

General. Applying the criteria in ER 1105-2—40, Subpart K - NED Benefit
Evaluation Procedures: Recreation, 8 January 1982, figure 703.903-1, the
unit day value evaluation procedure was selected. No applicable regional
model 1is available. Uses affected do not involve specialized recreation
activities, Eséimated annual visits affected do not exceed 500,000.
Expected recreation specific costs affected do not exceed 25 percent of

expected total project costs.

Using the table K-3-2 Guidelines for Assigning Points for General Recreation
and table K-3-1 (FY 1983) Conversion of Points to Dollar Values in ER
1105-2-40, 8 January 1982, a total of 45 poings were assigned and converted
to a unit day valuée of $3.20.

This evaluation is based on a projected growth in demand for beach use, and
takes into consideration the limits imposed on maximum daily and maximum
seésonal use by available parkiné capacity. Parking capacity was found to
be the limiting factor on total seasonal beach use. Existing bridge access
and traffic flow capacity were found to exceed parking capacity. Beach use
and demand were developed for all of Wrightsville Beach. However, since the
southern 5,000 linear feet is projected to remain stable, benefits are taken
on the remaining beach only after total Wrightsville Beach demand exceeds
total capacity of the stable 5,000 linear feet. Approximately 1,000 linear
feet of beach north of the Wrightsville Beach project limit, within the
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transitional zone, is accessible to the public for recreation. This length
of beach has an erosion rate simflar to that of the 9,000 linear feet south
of it. Therefore, any possible recreational area would be lost to erosion
before total recreational demand exceeded the capacity of the stable
southern 5,000 linear feet of Wrightsville Beach. Recreational benefits
developed and attributed to the Wrightsville Beach project area include
recreational use of the 1,000 linear feet of beach north of the project

limit in the transitional zone.

Beach Capacity. The beach area per person used in this analysis was 100

square feet, The authorized project design cross section offers a 125-foot
width of usable beach. Along the 5,000 feet of stable shoreline, this
represents 625,000 square feet with an instantaneous capacity of 6,250
persons and, using a turnover rate of 2, a maximum daily capacity of 12,500,
Along the remaining 9,000 feet of shoreline, this represents 1,125,000
square feet with.an ingtantaneous capacity of 11,250 persons and, using a

turnover rate of 2, a maximum daily capacity of 22,500.

Length of Season. The total number of days in the beach use season was

determined to be 90. The following table presents the derivation of this
value, The number of inclement days is based on monthly averages presented
in the Wilmington, N.C., 30-year climatological summary.

TABLE 2A

Beach Use Season, Wrightsville Beach

Inclement Net Beach

Month Weekend Days Holidays  Weekdays Days Use Days
April 4 0 0 1 3
May ' 10 -1 9 3 17
June 8. -0 22 7 23
July -1 23 11 20
August 10 0 21 10 21
September 2 1 _4 1 6

Total 41 3 79 33 90

c-6
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Beach Use and Demand. Statistics on present beach use were derived from

nine head counts of beach users made during the 1979 season. Both low
altitude aerial photographs and in-person head counts were used as a data
base. Counts were made between the hours of 12:30 and 2 p.m., EDT, and are
assumed to equal peak use for each occasion. The average weekday peak use
value (4 counts) was 1,851 persons. The average weekend day peak use value
(3 counts) was 3,303. The single holiday peak use value (4 July) was 5,193.
The assumption was made that the ratio of total daily use to peak use was 2
to 1. The numbers of weekdays, weekend days, and holidays for the 1979
season (corrected for inclement weather days), as well as the turnover rate
of 2, were then applied to the average peak use values in each category.

The resulting value for the total 1979 beach use was 440,352.

The projected growth rate of the total seasonal use was determined from an
analysis of hourly traffic statistics for the AIWW drawbridge for the period
1975 to 1980. Three categories of traffic statistics were examined:
average daily traffic, average summer weekday traffic (includes June, July,
and August), and average Saturday traffic, high month (July). The annual
growth rate for the three categories, for the 1975 to 1980 period, was
determined to be 6.0 percent, 4.0 percent, and 3.0 percent, respectively.
The rate of 4.0 percent per year was thus adopted as the projected annual

growth rate for beach use demand, with a base year (1979) value of 440,352,

Parking. Existing parking capacity adjacent to the shore protection project
was evaluated using the 4 July 1979 aerial photography. All parked cars
were counted. The breakdown of public versus private parking was based on a
public parking survey developed for the town of Wrightsville Beach. That
survey stated t:hat'v'Athere were 2,018 public parking spaces. Because the
igsland is relatively narrow, no parking space is more than 1/4-mile from the
authorized project beach. A turnover rate of 2, with 2.5 persons per car,
was assumed for the public parking spaces. Maximum daily use utilizing
public parking was determined to be 10,090 persons. The parking available
on private property was determined by subtracting the public parking value
(2,018) from the total number of cars parked on 4 July 1979 (4,706). The

resulting value was 2,688, which is considered a conservative estimate



because of the number of cars parked in garages and carports and thus not
visible on aerial photography. The turnover rate and number of persons per
car utilizing private parking spaces were estimated at 1 and 2.5,
respectively. This yields a maximum daily use of 6,720 persons utilizing
private parking. The maximum total daily use limited by parking is thus
10,090 plus 6,720, for a total of 16,810 users. For the 90-day season
derived earlier in this section, the total seasonal use is thus limited to
1,512,900 users. Using the demand growth rate developed in the preceding
section, it was determined that existing seasonal parking capacity is
exceeded by seasonal beach use demand in the year 2011.

Benefit Analysis. The southern 5,000 linear feet of beach, with an annual

vigitation capacity of 1,125,000, are projected to remain stable throughout’
the 50-year period of analysis. The remaining 9,000 linear feet of beach
‘are projected to erode at an average annual rate of 8.9 feet per year. The
recreational beach width loss of 125 feet by 1995 was assumed to represent
the point at which there was no remaining recreational value. It is not
until 2003, however, that demand exceeds capacity of the southern 5,000
linear feet of beach projected to remain stable. Benefits begin in 2003 and
increase yearly until 2011 when parking capacity is reached. From that
point through the remainder of the 50-year period, benefits remain the same.
The average annual value of these recreation benefits would be $270,500.
Table 3 presents recreational visitations and values for the 9,000 linear

feet of beach being considered.

Table 3

Recreational Visitations and Values for the 9,000

Linear Feet of WriJghtsville Beach Under Consideration

Year Unit Day Value * Vigitations Recreational Value
2003 $3.20 S 3,754 ’ $ 12,013
2010 3.20 . 360,365 1,153,168

2011 3.20 387,900 1,241,280

Benefit - Cost Summary

Table 4 presents a summary of the benefits and costs associated with
continued maintenance of the authorized berm and dune project.
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* TABLE 4

Benefit-Cost Summary

Continued Maintenance of Wrigptsville Beach

Berm and Dune Project

50-Year Period of Analysis, 7-7/8 Percent Interest

Benefit Category : Average Annual Benefit
Beach Erosion Control: Land $225,700
Structures 209,300
Flood Damage Reduction 169,500

Increase in Value of Residential Contents 35,300
Recreation 270,500
Total Average Annual Benefits $910,300
Total Average Annual Costs $668,000
Benefit-to-Cost Ratio 1.36

c-9
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APPENDIX D
REEVALUATION OF SHORE PROCESSES

AT WRIGHTSVILLE BEACH

INTRODUCTION

In the spring of 1965, a hurricane and shore protection project was
constructed along Wrightsville Beach. This project involved the placement
of 2,993,000 cu., yd. of material along 14,000 feet of ocean shoreline from
Masonboro Inlet to the then northern town limits of Wrightsville Beach. In
addition, Moore Inlet, which at the time of construction separated
Wrightsville Beach from Shell Island, was closed. The fill was shaped into
a 25-foot-wide dune at elevation 15 feet above mean low water (mlw) which
sloped down to a 50-foot-wide storm berm at elevation 12 feet mlw. The
material for this fill was borrowed from Banks Channel. Between June 1965
and July 1966, the north jetty at Masonboro Inlet was constructed.
Associated with this inlet stabilization project was the excavation of
319,000 cu. yd. of sand adjacent to the inlet side of the north jetty to
form a sediment trap for future sand bypassing around the inlet. This
material, which was dredged in July 1966, was distributed on Wrightsville
Beach between the two fishing piers. In October 1966, an additional
42,000 cu., yd. of material was placed along the northernmost 2,000 feet of
the authorized project. This material was obtained from the lagoon behind
the presently developed section of Shell Island. Thus, between the spring
of 1965 and the fall of 1966, a total of 3,294,000 cu. yd. of fill had been
placed on Wrightsville Beach. .

Erosion of the northern most 8,000 feet of this fill (i.e., between baseline
stations 60+00 and 140+00 shown on plate D-1)} occurred rapidly due in part
to hydraulic sorting and winnowing of the fill and initial slope adjust-
ments, On the other hand, the southern 6,000 feet experienced a large
initial accretion due to the formation of an accretion fillet updrift of the
Masonboro Inlet north jetty. The erosion of the northern 8,000 feet was so
severe that by 1970 the protective value of the project had been substan-
tially reduced., Therefore, in the spring of 1970, the northern 8,000 feet
of the project was renourished with 951,000 cu. yd. of material obtained
from Banks Channel and 426,000 cu. yd. from the lagoon behind Shell Island.
Included in this renourishment was a 2,000-foot transition section between
stations 140400 and 160+00 (i.e., outside the authorized project limits)
which provided a gradual return of the fill shoreline back to the natural
beach on Shell Island.

In October 1977, a General Design Memorandum (GDM) for the south jetty at
Masonboro Inlet (1) was published and contained an evaluation of shore
processes along 19 miles of shoreline from Wrightsville Beach to Kure Beach,
In this shore processes analysis, inlet sediment accumulation data and
shoreline change information dating from 1966 to 1975 was used in combi-
nation with wave refraction studies, to develop a sediment budget for the



entire 19-mile area. 1In this analysis, an attempt was made to adjust the
shoreline change rates observed between 1966 and 1975 on Wrightsville Beach
for sorting and winnowing losses and initial profile slope adjustments for
both the initial fill material and the 1970 renourishment fill. However,
due to the nature of this analysis, other factors that could have had a
substantial impact on the erosion of Wrightsville Beach were not identified.
As a result, approximately 92.8 percent of the erosion was attributed to
navigation improvements at Masonboro Inlet, specifically, the construction
of the north jetty. The shortcomings of this earlier evaluation were
recognized and a statement made to the effect that a more detailed
evaluation of the shore processes along Wrightsville Beach would have to be
made to differentiate the magnitude of the erosion associated with various
possible causes., The analysis that follows is such an evaluation,

Prior to the initiation of this present reevaluation, erosion had again
essentially removed all but a minimum amount of the protective value of the
northernmost 8,000 feet of the authorized project and the 2,000~-foot
northern transition. In the most severely eroded section (located between
baseline station 110+00 and 130400), the shoreline had almost returned to
its preproject position and posed a serious threat to development in the
area. This prompted the placement of 500,000 cu. yd. of emergency beachfill
along the northern segment of the project during April and May 1980. The
borrow area used for this emergency fill was a shoal in Banks Channel
located opposite the U.S, Coast Guard Station. This emergency fill was
followed by a complete restoration of the authorized project between
December 1980 and April 1981, This latest restoration required 1.25
million cu. yd. of sand, with the material being dredged from Masonboro
Inlet and placed along the northern 8,000 feet of the project, i.e., between
stations 60+00 and 140+00. Due to fund limitations, the 2,000-foot
transition was not rebuilt, -However, shortly following renourishment,
natural processes had spread the fill northward forming a gradual
transition, '

SHORE PROCESSES REEVALUATION

General. One of the apparent causes of the erosion of Wrightsville Beach is
the shape of the present day shoreline. Figure D-1 is an oblique aerial
photograph of Wrightsville Beach looking toward the north from Masonboro
Inlet, As is evident from this photo, there is a large protuberance in the
shoreline beginning in the vicinity of the Blockade Runner Motel, baseline
station 70+00, and extending northward to a point beyond the developed
section on Shell Island. This protuberance, or bulge as it will be referred
to later in this analysis, is primarily associated with the former Moore
Inlet which, as mentioned above, was closed in 1965 during the initial
placement of the hurricane and shore protection fill. Moore Inlet had
existed as the northern boundary of Wrightsville Beach since the mid-1800's
and characteristically had caused the shoreline immediately to the north and
south to curve seaward. Since Moore Inlet had been a persistent feature of
Wrightsville Beach, when the northern end of the island began to develop,
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roads and houses more or less paralled the general shore alignment. Conse-
quently, when the hurricane and shore protection project was constructed,
the fill was placed seaward of the development, thus producing the present
bulge.

Since the closure of Moore Inlet stopped the interaction between inlet tidal
flow, longshore currents, and sediment transport, which were the factors
responsible for the preproject shoreline shape, the planform of Wrightsville
Beach is now anomalous compared to other barrier islands in the vicinity.
It appears that the natural tendency for normal shore processes 1is to
reshape the beach planform to an alignment more compatible with prevailing
waves, currents, and inlet positions. An estimate of the effects of the
bulge on shoreline change rates is given below.

Other factors which have contributed to the high rates of erosion include:
(a) sorting and winnowing losses from the artificial £ill material; (b)
beach profile slope adjustments following fill placement; (c) historical
deficits caused by sand entrapment in the inlets, offshore sand transport,
and sea level rise; and (d) the impact of the navigation improvements at
Masonboro Inlet. An evaluation of the effects of each of these factors is
given below. First the magnitude of the erosion problem is presented by
examining the recent shoreline history of Wrightsville Beach and Shell
Island. ‘

Recent History of the Wrightsville Beach and Shell Island Shorelines. Beach
profile surveys of Wrightsville Beach were initiated in 1965 after the com—
pletion of the first phase of fill placement. These surveys were performed
quarterly (i.e, every 3 months) until August 1970, at which time the survey
program was changed to a bimonthly basis which continued until February
1974, After February 1974, no surveys were made until April 1978, The
April 1978 survey was followed by two more, one in July 1979 and one in
December 1979. The December 1979 was the last survey that covered all of
Wrightsville Beach and Shell Island prior to the latest renourishment.

The August 1970 and July 1979 surveys covered the entire beach profile to
depths of about 32 feet below m.s.l., whereas the other surveys extended
only to approximately mean low water (-2 feet, m.s.l.). Also, detailed
coverage of Shell Island northward to Masons Inlet was not begun until
October 1970.

As previously stated, the largest amount of erosion on Wrightsville Beach
occurred between stations 60+00 and 160+00. South of station 60+00 to the
north jetty at Masonboro Inlet, the shoreline experienced a rapid buildup
during and immediately following the construction of the north jetty as a
result of the formation of an accretion fillet. The growth of the accretion
fillet continued until about February 1968 at which time the shoreline
became fairly stable. This stable condition continued until at least
February 1974. By April 1978, however, the survey data indicated that some
erosion of the fillet had occurred as the shoreline position at most
stations was landward of the February 1968 shoreline. Between April 1978



and December 1979, the fillet accreted slightly, but overall, the net change
on the fillet from February 1968 to December 1979 was erosion as indicated.
by the shoreline change rates from stations 3+50 to 50+00 in table D-2.
During the entire period following the construction of the north jetty, the
portion of the beach landward of the berm crest built up as a result of
aeolian sand transport and associated dune formation. Although the recent
shoreline trend of the fillet has been erosion, this is not expected to
continue indefinitely due to the stabilizing effect of the north jetty.

For this reevaluation of the Wrightsville Beach shore processes, the
analysis of shoreline changes within the severely eroding area, that extends
from station 60+00 to 160+00, was limited to the August 1970 to July 1979
period, which is a period sandwiched between the 1970 and 1980~81 renourish-
ments of Wrightsville Beach. This period was selected primarily because
detailed information was available on the characteristics of the borrow
material used for the 1970 fill, thus allowing for an estimate of sorting
and winnowing losses,

Changes in the position of the mean sea level contour at each profile
station within the severely eroding area were measured and graphs drawn of
the cumulative shoreline change over time. The graphs for each of these
profiles are shown on figures D=2 to D~4. A notable characteristic of these
shoreline change graphs is that extremely rapid shoreline retreat rates were
experienced between stations 70+00 and 140+00 immediately following the fill
placement, and that after an initial period, the rate of shoreline change
diminished and became relatively uniform over time. The initial period of
rapid shoreline retreat appeared to extend to about December 1971.
Interestingly, the total amount of erosion between stations 70+00 and 140+00
was, by December 1971, generally equal to or greater than the added width of
beach provided by the 1970 fill. This is illustrated in table D-1. The
significance of this is that approximately all of the 1970 fill material had
been exposed to the hydraulic sorting and winnowing action of the waves by
this date. Also, the initial beach profile slope adjustments had occurred
by December 1971.

Since the changes in the position of the m.s.l, contour between February
1972 and July 1979 were rather uniform and relatively unaffected by sorting
and winnowing losses, lines of best fit were computed through this portion
of the shoreline change curves for each profile station within the severely
eroding area (i.e. stations 60+00 to 160+00). The slope of these best fit
lines were interpreted to represent steady state trends in the shoreline
behavior. These trends, given in terms of feet of shoreline change per
year, are summarized in table D-2,

Shoreline change rates for Shell Island north of the fill to Masons Inlet,
applicable to this reevaluation of shore processes, were based on the
longest period available which was from October 1970 to December 1979.
These rates are also given in table D-2,
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TABLE D-l

1970 Beach Fill Widths vs. Shoreline Retreat
as of December 1971

Shoreline Advance Shoreline Retreat

Station by 1970 Fill (ft) as of Dec 1971 (ft)
60+00 4 ~30
70400 85 -108
80+00 113 -96
90+00 144 -180
100+00 ' 166 . -208
110+00 190 -172

- 120+00 176 -182
130+00 165 -160
140+00 84 -132
150+00 50 ~56
160+00 14 -60



TABLE D-2.

Wrightsville Beach - Shell Island
Shoreline Change Rates

Computed Shoreline

Measured Rate of Change1 Trend within 1970}
Qutside 1970 fill area Fill Area (2/72~

Station (ft/yr) 7/79 data) (ft/yr)

3+50 -15.4%

10400 -9.6%

20+00 -3.2%

30+00 -0.6% Deficit?
40+00 +3,2% x 0.54
50+00 ~2.3* 2.3 - =1.2
60+00 -11.5 -6.2
70400 -11.4 -6.2
80+00 -17.0 -9.2
90+00 -16.7 -9.0
100+00 ' -14.4 -7.8
110+00 -22.7 -12.2
120+00 -22.1 -11.9
130+00 -27.5 ~-14.8
140+00 -19.3 -10.4
150+00 -9.8 88.9/10=8.89
160+00 ' ‘ -6.2
169+00 -6, 5%* Say 8/9/yr.
180+00 -2.2%%
190+00 -1,3%*
197+00 Q0 **

227+00 ' +1,3%%

1 Negative and positive signs represent erosion and accretion, respectively
2 grosion rate adjusted to reflect placement of 60,000 cubic yards per

year from Masonboro Inlet Navigation Project (70,000/130,000 = 0.54)

* February 1968 to December 1979 data
*% October 1970 to December 1979 data



Volumetric Changes - Wrightsville Beach and Shell Island - August 1970 to
July 1979. The two onshore-offshore surveys taken in August 1970 and July
1979 were used to estimate the volumetric changes on the beach profile
between Masonboro and Masons Inlets. The results of the volume change
estimate are given in table D-3, Since the August 1970 survey was taken
immediately after the 1970 fill was completed, the total volume change
within the fill area includes losses due to sorting and winnowing of the
fill material along with the losses associated with the other effects being
evaluated. Therefore, before an annual rate of loss of material from this
area can be computed, an adjustment must be made for these sorting and
winnowing losses.

Sorting and Winnowing Losses from the 1970 Fill Material, As mentioned
earlier, the 1970 fill material was obtained from two sources, namely a
shoal area in Banks Channel opposite the U.S. Coast Guard Station and from
_ the lagoon behind Shell Island. The quality of these two sources of
material were strikingly different; specifically, the Banks Channel sand was
relatively coarse (mean grain size of 0.26 mm) and widely distributed in
terms of grain size, whereas the Shell Island sand was fine (mean grain size
of 0,17 mm) and poorly sorted. A total of 951,000 cu. yd. of material were
removed from Banks Channel and placed between stations 60+00 and 110+00
while the Shell Island material, totaling 426,000 cu., yd., was spread
between stations 110+00 and 160+00.

A considerable amount of grain size information was available for the two
borrow areas from core borings taken prior to the placement of the fill,
This grain size information was used along with the before and after
dredging surveys of the borrow areas to estimate the composite grain size
characteristics of the two borrow materials.

In the case of the Banks Channel borrow area, the before and after dredging
cross sections were plotted along with the vertical distribution of the
material characteristics obtained from the analysis of the boring samples.
From these plots, the borrow area was separated into three sections in which
the grain size characteristics were similar. Based on the volume of
material removed from these three sections and the average grain size char-
acteristics in the sections, a weighted composite grain size distribution
was constructed for the Banks Channel borrow material. With respect to the
Shell Island borrow area, there were no distinct variations in the quality
of the material from one end of the borrow area to the other or from top to
bottom. Therefore, the composite characteristics of this material was
obtained by averaging the size distributions of 38 samples taken from 14
borings. The resulting composite size characteristics of the two borrow
materials are summarized in table D=4,

D-7



Station
0+00%*
3+50

10+00
30+17%
40+00
49+405%
60+00%
70+00
80+00
100+00
130+00
160+00%*
167+00
197+00

227+00

Volume

TABLE D-3

Changes - Wrightsville Beach & Shell Island
August 1970 - July 1979

Volume Change
Btwn Baseline Stas.
(cubic yards) -

-17,400
-41,200
—?7,700
+18,400
+17,000
-24,800
-66,100
-105,300
-311,300
-514,100
~478,100
-56,600
+22,700

+348,400

0+00 to 60+00
Total Change = -125,700 CY
Rate = -14,000 CY/Yr

60+00 to 160+00 (Fill Area)
Total Change = -1,474,900 CY
Rate = N/A**

160+00 to 227+00
Total Change = +314,500 CY
Rate = +34,900.CY/Yr

* Interpolated ~ no offshore profiles taken at these stations
*% Not applicable due to sorting and winnowing losses from fill

D-8



TABLE D-4

1970 Borrow Material Grain Size Characteristics

‘Borrow Area Mean Standard Deviation % Silt
¢ unitsl mm ¢ units and Clay

Banks Channel 1.95 0.26 1.05 5.0

Shell Island 2.54 0.17 0.49 10.2

An estimate of the sorting losses from the borrow material is obtained by
comparing the composite characteristics of the borrow material to that of
the surficial sediments comprising the native beach profile. 1In the case of
Wrightsville Beach, a truly native beach sand did not exist due to the
placement of previous artificial fills. Therefore, the size characteristics
of the beach material was based on samples collected from the profiles in
early 1980 prior to the latest renourishment. In this case, the 1980
samples reflect the characteristics of the 1970 fill material that were
retained on the active beach profile; and therefore should, when compared to
the borrow material characteristics, give a reasonable estimate of sorting
losses.

A total of 73 samples taken from profile stations 70+00, 90+00, 110+00,
130+00, and 150+00 to depths of 24 feet below m.s.l. were used to compute
the composite characteristics of the beach material. Note that all of the
sample stations are within the limits of the 1970 fill. The resulting
composite distribution of the beach material had a phi mean of 2.31 (0.20mm)
and a standard deviation of 0.66.

The procedure for computing a value known as the fill factor (RA)’ which
is a measure of the number of cubic yards of fill material needed to retain
one cubic yard of sorted material on the beach profile, is given in the
Shore Protection Manual (2). Based on this procedure, the Banks Channel
material had an R, value of 1.1, whereas the Shell Island material Ry
was 3.0. Adjusting these two Ry values for the amount of silt and clay in
the borrow areas which would be winnowed from the fill during placement, the
final fill factors were 1.16 for Banks Channel and 3.34 for Shell Island.
By applying these fill factors to the volume of material removed from each
borrow area, the estimated sorting and winnowing loss from the Banks Channel
material was 130,000 cu. yd. while the Shell Island material lost an
estimated 298,000 cu. yd. This results in a total sorting and winnowing
loss of 428,000 cu. yd. from the entire fill, Since the two borrow
materials were spread along different sections of the beach, the estimated
sorting losses were applied station by station to the fill area to arrive at
an adjusted or net volumetric change on Wrightsville Beach between August
1970 and July 1979. This adjustment, shown in table D-5, resulted in a net
rate of loss of material from the fill area of about 116,000 cu. yd./year.
For the entire Wrightsville Beach fill area which extends from Masonboro
Inlet northward to the end of the transition section (0+00 to 160+00), the



1X/XD 006°¥E+ = @38y
AD 006°%1€ = @28ury) [e30]
00+/2Z ©3 00+091

aX/X0 000°911- = @3ey
XD 006°9%0°1- = 28uey) 1830
' 00+091 ©3 00+09

1X/X0 000‘%I- = @3ey
X0 00L°GT1- = 23ueyp ye30]
00+09 ©3 00+0

puelsI 1T1@Y4s ¥ yoeaqg °9111AsIyd1aM - se8ueyp orazswniop peisnlpy

00+47C
DOV 8hE+ 00%°ghE+
00+L61
00L T+ 00L°CT+
00+£91
009°96- 009° 96~
. 00+091
00L°¢L92- 000°T¢S SI 124S 008°zL 00L°81€E~-
. 00+0%1
0% G6- 00049’ sI 112US 005 ‘16 00%‘ 661~
) 00+0€1
00£°6GT~ 000°€EQT  SI T124S 00£°192 004 °THE~
, , 00+0T1
008°%eT1- 009°9¢ 4y siueg 007192 009 141~
_ : , 00+001
00%7Z1- 00€°1¢ Yo sijueg 00v‘6122 00L°6GT-
_ 00+06
009621~ 000°92 yg sjueg 00Z°061 009661~
: , 00+08
00€ ‘68— 000°02 4o sjueg 006 ‘941 00t 601~
00+01
000°0s~ 00191 4y sjueg 00L°L1T 001°99-
, 00+09
008° %z~ 0 008 %Z-
_ G0+6%
000° LT+ 0 000° LT+ ‘
00+0%
0ov° 8T+ 0 00%7°81+
LT+0E
00L‘LL~ 0 00L°LL-
00+01
002 19~ 0 00Z° 19~
0G+€
ooy L1~ 0 00y LT~
00+0
(X0)93ueyy (X)) seis [1td FJO  (XD) S®3IS um3g (X)) seis uoT3IEeIs
I0A 3I°N umlg sasso] 20anog p2oeTd 1114 " um3g 28ury)

Butjiog 389

6.61 A10r - 0L61 3Isn8ny

¢-a FI9vl

061 ToA Isd

10A P2A128qQ

D-10



total rate of loss was 130,000 cu. yd./year. This total rate of volume loss
is less than that reported in reference (1) which was 167,000 cu. yd./year.

As has been discussed, shoreline changes on Wrightsville Beach following the
1970 renourishment occurred rapidly during the initial 16 months (August
1970 - December 1971) as a result of sorting-winnowing losses and profile
slope adjustments. However, the rate of shoreline change at each profile
station within the fill area eventually developed into uniform rates after
this initial period. It 1is assumed that this uniform rate of change was
free of any sorting and winnowing losses. Accordingly, by applying this
rate to the 9-year period corresponding to the time between the August 1970
and July 1979 offshore surveys, the difference between the volumetric
erosion predicted by the uniform shoreline change rates and that measured
from the comparison of the offshore profiles, gives an order of magnitude
check of the computed sorting-winnowing losses given above, Since the
uniform rate is given in terms of the 1linear change in the shoreline
position per year (i.e. ft/yr), a volumetric equivalent factor had to be
developed to convert the shoreline movements to volumetric change.

Repetitive soundings were made from Johnnie Mercers Pier, located near
station 120400, between March 1972 and July 1979, which approximately
corresponds to the post slope adjustment--sorting/winnowing loss period.
The depth of water at the end of the pier is around 18 feet below m.s.l.,
which is near the seaward limit of the active profile, Based on these
soundings, the mean sea level contour at the pier moved landward 130 feet
between March 1972 and July 1978 while the volume of material on the profile
decreased by 99.3 cu. yd./linear foot of shoreline. Based on these measured
changes, a volumetric -equivalent factor obtains wherein every foot of
lateral change in the position of the mean sea level contour results in a
loss of 0.76 cubic yards from the profile per lineal foot of shoreline.

The 1970 fill was divided into three segments, namely: (1) the southern
transition (stas. 60+00 to 80+00); (2) the main fill (stas, 80+00 to
140+400); and (3) the northern transition (stas. 140+00 to 160+00). The
cumulative shoreline change at each station within the three segments were
averaged for the period February 1972 to July 1979, and a single shoreline
trend curve. computed for each segment. A plot of these cumulative changes
and associated trend curves are shown on figure D-~5. The resulting trends
in the three segments were; =-13.8 ft./yr. for the southern transition;
-18.4 ft./yr. for the main fill; and -9.7 ft./yr. for the northern
transition. These shoreline trends along with the volumetric equivalent
factor given above applied' over the 9-year survey period from August 1970 to
July 1979, convert to a total predicted volumetric loss of 1,077,00 cu. yd.
The measure volumetric loss from the fill area between August 1970 and July
1979 was 1,479,000 cu. yd. which is 337,900 cu. yd. more than the erosion
predicted from the uniform shoreline trends. Assuming that this difference
was for the most part due to sorting and winnowing, the estimated 428,000
cu. yd. of sorting and winnowing losses computed from the material
characteristics appears to be within the correct order of magnitude.



Historical Losses Off Wrightsville Beach (Preproject Losses). Wrightsville
Beach has had a history of erosion problems dating from the earliest
attempts to build within this dynamic barrier island zone. Local interests
began attempts to control erosion in 1923 when the town, with assistance
from New Hanover County and the Tidewater Power Company, constructed five
timber groins along the middle 6,400 feet of the ocean shoreline. 1In 1925,
six reinforced concrete groins were added, with three to the north and three
to the south of the timber groins. The wooden groins functioned satisfac—
torily until about 1928, by which time attacks by marine borers had
partially destroyed them. The concrete groins were temporarily successful
at the southern end of the island, but those at the northern end were
eventually flanked and destroyed. In 1939 the town, with the assistance of
PWA funds, constructed 16 creosoted timber groins, each about 325 feet long
and spaced about 800 feet apart. Also, between 1955 and 1959, four beach
nourishment operations placed a total of 477,800 cu. yd. of fill on
Wrightsville Beach. The timber groins were apparently effective for a
while; however, the seaward ends of the groins deteriorated rapidly so that
by 1957 their impact on the beach was negligible. 1In spite of these efforts
by the town, the shoreline along Wrightsville Beach retreated between 1939
and 1965.

The magnitude of the preproject shoreline change was obtained by comparing
onshore profiles (i.e. landward of the -2 foot, m.s.l. contour) made in 1939
with a preproject survey made in 1965. The measured change in the position
of the m.s.l. contour at each profile station during this time is given in
table D~6. The weighted average shoreline erosion along the entire beach
was 60 feet. Since Wrightsville Beach was only 12,500 feet long during this
period, the 60 feet of landward movement of the m.s.l. contour is equivalent
to a volume loss of 562,000 cu. yd. over the 26-year period.

The four beach fills placed on Wrightsville Beach between 1955 and 1959 used
Banks Channel as a borrow source. Since the quality of that material in
terms of its compatibility with the native beach is not known, this fill
material was assumed to have the same fill factor as the original hurricane
and shore protection fill placed in 1965. The 1965 fill material had an
estimated fill factor of 2.5 (1). Thus, the net volume of fill placed on
the beach between the 1939 and 1965 surveys was approximately 191,000 cu.
yd. If this fill volume is added to the net loss computed from the profile
surveys, the total volume loss off Wrightsville Beach during the 26-year
period was 753,000 cu. yd., corresponding to an average annual loss rate of
29,000 cu. yd. 1In terms of shoreline movement, a volumetric loss of 29,000
cu. yd./year is equivalent to a lateral movement of -3 ft./year at the
m,s.l. contour,.

IMPACT OF THE SHORELINE SHAPE ON EROSION RATES

The evaluation of the effects of the anomalous shape of the Wrightsville
Beach shoreline was accomplished through a numerical simulation of sand
transport along a shoreline bulge comparable to that of Wrightsville Beach.
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TABLE D-6

Wrightsville Beach Shoreline Changes

1939 - 1965
CE Dist Btwn m.s.l. Change Area Change
sta Stas (Ft) (£t) (£t2)
1+00 -10
470 -12,925
5+70 -45
, 530 _ -11,925
11+00 0
530 16,960
16+30 -64
525 -35,700
21455 " -72
480 -30,960
26435 -57
377 -16,588
30+12 -31
208 -7,904
32+20 =45
880 ~46,200
41+00 -60
1,000 -70,000
51+00 -80
A 900 -45,450
60+00 -21
1,100 -29,700
71400 -33 :
850 -48,025
79+50 | -80
1,280 -124,800
92+30 -115
810 -87,075
100+40 -100
1,000 - —65,000
110440 -30
603 -28,643
116+43 -65
387 -26,123
120+30 -70
390 -30,420
124+20 -86
Total Area Change (ft2) 734,398

Average MSL Change = 734,398/12,320 = -60 ft
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The numerical longshore transport simulation had, as input, wave character-
istics observed at Wrightsville Beach and normal longshore transport rates
applicable to the area. The simulation of the physical characteristics of
the bulge was based on the variation of the Wrightsville Beach shoreline
from an average shape that 1is characteristic of barrier islands in the
vicinity. Each of the features of this analysis, i,e., the evaluation of
the magnitude of the shoreline anomaly, wave characteristics applicable to
Wrightsville Beach, longshore sand transport rates, and the development of
the longshore transport numerical simulation, are discussed below. This
will be followed by a presentation of the results obtained from the
analysis.

Magnitude of Shoreline Anomaly. The shape of most barrier islands in the
vicinity of Wrightsville Beach, which are bounded on the updrift and down-
drift sides by tidal inlets, is concave seaward. This concavity is normally
sharpest immediately downdrift of the updrift inlet until a point of maximum
indention occurs from which the degree of curvature decreases in the
downdrift direction. A sketch of a typical barrier island, identifying
terms to be referred to later, is shown on figure D-6.

Several barrier islands, both past and present, were selected for the
purpose of determining an average ocean shoreline shape of islands in the
area, These included the: 1857 Wrightsville Beach shoreline; 1887
Wrightsville Beach shoreline; 1938 Shell Island shoreline; 1949 Shell Island
shoreline; 1970 shoreline between 0Old Topsail Inlet and Rich Inlet; 1970
Figure Eight Island shoreline; 1970 Lea Island shoreline; and 1970 Masonboro
Island shoreline.

For each of these islands, a baseline was established comnecting the protu-
berant shoulders of the updrift and downdrift inlets as shown on figure D-6.
From this baseline the relative offset distance, Y/Ymax, was measured at
various relative distance, X/L, along the baseline. These relative values
were then plotted, as shown on figure D-7, and lines of best fit drawn
through various segments of the data set to produce a relationship for the
average shape of a barrier island.

In order to apply the shoreline shape relationship given by the curve on
figure D-7 to Wrightsville Beach, the 1length of the island and maximum
indenture had to be defined. With respect to the island length, a value of
17,700 feet was selected which is the distance from Masons Inlet to station
50400 on Wrightsville Beach. South of station 50+00 to Masonboro Inlet the
shoreline curvature approximates that of the average barrier island. A
maximum indenture of 350 feet was also selected which is the average
indenture of six of the eight barrier islands. The 1,200-foot indenture of
Figure Eight Island and the 1,500~foot indenture of Masounboro Island were
not included in this average as they were considered to be too large for
Wrightsville Beach. The shape and position of the predicted shoreline
relative to the 1970 shoreline is shown on figure D-8. This predicted
shoreline is presumed to represent the eventual shoreline position and shape
for Wrightsville Beach that would develop after some period of time if the

D-14
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beach were not maintained by artificial means and Masons Inlet remains in
the same relative position.

The concave shape of the barrier islands is to a large extent the result of
the interaction of tidal flow through the inlets with longshore sediment
transport by waves. If this perturbation to sediment movement 1is removed,
the shape of the shoreline would probably conform to that of the nearshore
contours. For example, if the nearshore contours are straight and parallel,
the shoreline would also be straight. This particular concept was used to
develop the simulated offshore hydrography to be used in the numerical
simulation of sand transport along the bulge shoreline.

The shape of the idealized shoreline bulge was determined from the differ—
ence between the 1970 Wrightsville Beach shoreline and the predicted average
shape of this barrier island as shown on figure D-8, The maximum difference
between these two shorelines occurred from station 100+00 to 140+00 and
averaged approximately -600 feet. If the predicted average shoreline for
Wrightsville Beach is normalized into a straight line, the angle between the
point of maximum protuberance on the 1970 bulge shoreline and the normalized
straight shoreline was estimated to be around 3.8°.

The idealized bulge shoreline used in this analysis is shown on figure D-9
and consists of: (1) two straight shoreline segments north and south of the
bulge; (2) a north transition and a south transition with angles of 3.4°
from the idealized straight shoreline; and (3) the main bulge section offset
600 feet from the straight shoreline. This idealized shoreline reasonably
represents the relative shape of the 1970 Wrightsville Beach shoreline.

The offshore bathymetry of the bulge was developed by averaging the distance
to various depth contours at 23 profile stations along Wrightsville Beach
and Shell Island located between stations 40+00 and 196+84, Station 196+84
is approximately 3,000 feet south of Masons Inlet and is not affected by the
inlet's ocean bar. These average distances between the contours are given
in table D-7 and a plot of this average profile is shown on figure D-10. 1In
constructing the offshore bathymetry, the depth contours out to -24 feet,
m.s.l. were made parallel to the bulge shoreline, whereas the -30 feet,
m.s.1l. depth contour was maintained at a constant distance of 3,050 feet
relative to the straight shoreline. Thus, in the vicinity of the bulge, the
slope of the offshore profile between the 30- and 24~foot, m.s.l. depth
contours was steeper than along the straight portion of the simulated ocean
bottom. This appeared to be the actual case as reflected by both the 1970
and 1979 offshore surveys. The resulting offshore bathymetry used in this
bulge analysis is also shown on figure D-9, From this offshore bathymetry,
a depth grid with spacings in both the X (shore parallel) and Y
(perpendicular to the shore) directions of approximately 208 feet was
generated for use in the numerical simulation of longshore sand transport
along the bulge.

Longshore Sand Transport Rates - Wave Climatology. The annual rates of
longshore sand transport to the north and south along Wrightsville Beach
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TABLE D-7

Average'Distance Between Depth Contours
Wrightsville Beach

Contour Interval Distance Between Cumulative Distance
(ft, m.s.1.) Contours (ft) Betwn Controus (ft)
0-2 75 75
2-4 100 175
4-5 50 225
5-6 90 315
6-12 250 565
12-18 335 : 900
18~24 980 1,880
24-30 1,170 3,050
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were determined in reference (1). Since the computed rates varied along the
Wrightsville Beach and Shell Island shorelines, the annual longshore trans-
port rates to the north and south used in this study were averages of the

rates computed between Masonboro Inlet and Masons Inlet. These rates are:

769,000 cu. yd./yr. to the south (70.2% of the gross drift)
326,000 cu. yd./yr. to the north (29.8% of the gross drift)
1,095,000 cu. yd./yr. gross drift

The gross annual longshore drift rate of 1,095,000 cu. yd./yr. was prorated
to the months of the year based on the percentage of annual wave energy
occurring in a given month, The monthly percentage of the annual wave
energy was determined from recorded wave gage records collected at Johnnie
Mercers Pier between 1971 and 1975, The monthly percentage of the annual
wave energy and the prorated gross drift rate in each month are given in
table D-8.

Visual wave observations made by U.S. Coast Guard personnel from the Frying
Pan Light Tower, 1located off Cape Fear approximately 40 miles south-
southwest of the study area (see figure D-~11), were used to separate the
monthly gross drift into unorth and south components. Due to the presence of
Frying Pan Shoal, which has minimum depths of between 7 and 8 feet mlw,
observed wave heights at the Light greater than 6 feet out of the south and
south-southwest were not included in the directional wave energy distribu-
tion since waves larger than 6 feet would break on the shoal, 1In addition,
average breaker angles for each wave direction, determined from the results
of the extensive wave refraction analysis reported in reference (1), were
used to adjust the wave energy to an alongshore component.

The gross monthly sand transport rates given in table D-8 were multiplied by
the percentages of wave energy from the northern quadrants determined from
the Frying Pan Light data. The resulting southward transport was 66.8
percent of the gross annual longshore tranmsport. Since this percentage of
the gross drift rate was less than the 70.2 percent southward transport
given above, the monthly directional drift distributions were adjusted
slightly to make the annual southward drift 70.2 percent of the gross. The
final monthly distribution in sand transport to the south and north are
given in table D-9,

As will be discussed below, the transport of sand along the simulated bulge
shoreline was based on repetitive refraction analysis using various wave
periods applicable to Wrightsville Beach. The wave periods used in the
analysis were 4.5, 5.5, 6.5, 7.5, 8.5, 9.5, 11.0, and 13.0 seconds. In
order to perform the analysis of the effects of the bulge shoreline on
Wrightsville Beach erosion rates, the north and south monthly transport
volumes were proportioned between the various wave periods. To do this, a
value termed the relative longshore wave energy flux (Pr) was computed for
each period in each month and the amount of transport for each period
assigned on the basis of its percentage of the total monthly Pr. The
relative longshore wave energy flux is defined as:
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TABLE D-8

Monthly Wave Energy Percentage

and Gross Littoral Drift Rate

107,000
103,000
96,000
96,000
95,000
64,000
64,000
78,000
83,000
87,000
89,000
133,000

Monthly Percentage and Volume of Littoral Drift

Northward Drift

Gross Drift (CY)

Month Percent Annual Wave Energy
Jan 9.8
Feb 9.4
Mar 8.8
Apr 8.8
May 8.7
Jun 5.8
Jul 5.8
Aug 7.1
Sep 7.6
Oct 7.9
Nov 8.1
Dec 2.2
TABLE D-9
to the South and North Used in Bulge Analysis
Southward Drift
Month 2 Vol (CY)
Jan 80 86,000
Feb 75 77,000
Mar 70 67,000
Apr 65 62,000
May 65 62,000
Jun 40 26,000
Jul 35 22,000
Aug 55 43,000
Sep 90 75,000
Oct 90 78,000
Nov 80 71,000
Dec 75 100,000

D-18

y4 Vol (CY)
20 21,000
25 26,000
30 29,000
35 34,000
35 33,000
60 38,000
65 42,000
45 35,000
10 8,000
10 9,000
20 18,000
25 33,000
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_ . o2 2 ;
Pr = I (% ObvsxH )T(KR) r T 31n2(ab)T (Eq. 1)

where:

z (ZObVSXHZ)T Sum of the percentage of observations for a given wave
height (H) and period (T) times the wave height squared
Refraction coefficient for wave period T computed from
the 30-foot depth contour to the point of breaking

T = wave period
(ab)T Average breaker angle for wave period T

(Kg)T

Since Pr depends on the average breaker angle for each wave period, visual
wave observations, made by employees of the Wilmington District from Johnnie
Mercers Pier between May 1970 and December 1971, were used to develop rela-
tionships between wave period, breaker angle, and wave direction.

The visual observations of breaker angles from Johnnie Mercers Pier were
made by sighting down a breaking wave crest with a hand-held compass. The
wave periods and heights associated with the breaker angles were determined
from the recorded wave records with supplemental data provided by visual
estimates when the gage was not operating, A plot of the observed data
relating breaker angle to wave period for waves from the northern and
southern quadrants is shown on figure D-12. Also shown on this figure are
the averages of the observed breaker angles associated with the wave periods
used in this analysis. Although there is a considerable amount of scatter
of the individual observations, the average breaker angles -show a high
degree of correlation with wave period for waves from both the north and
south quadrants. Accordingly, linear regression lines were computed through
the average breaker angle wave period points and resulted in the following
two relationships:

waves from the north; (ab)
waves from the south; (ab)

20.0 - 1.46T (8q. 2)
16.2 - 1.08T (Eq. 3)

Breaker angles determined from these two relationships were used in the com-
putation of Pr,

The refraction coefficient for each wave period was determined from Snell's

Law by computing the change in wave angle from the break point out to the
30-foot depth contour. Snell's Law is:



)
SIN(G3O) = T SIN(ab)
(Eq. 4)
where:
Cag = angle wave crest makes with the 30-foot depth contour
C3p = wave celerity in water depth of 30 feet

Cp = wave celerity at point of breaking
@ angle wave crest makes with the shoreline at point of breaking

From this (Kg)p is computed as: 12

(KR)T = COSOL30

COSab

. (Eq. 5)

The longshore transport volumes associated with each period during each
month computed on the basis of the above proportioning procedures are given
in table D-10. In the analysis of the effects of the bulge shorline om
longshore sediment transport rates, the values given in table D-10 were
assumed to represent sand transport along a coast with straight and parallel
bottom contours and a straight coastline (i.e. these transport values served
as boundary conditions for the bulge analysis). '

Numerical Simulation of Longshore Sand Transport. Longshore sediment trans-

port is related to the longshore component of wave energy flux (P s) by

- the general relationship:

h H =
where: Q_ sza
B = constant ° : (Eq. 6)
2 2 ‘
P, =pg T (Ho KR) SIN Zab
o4m '

in which:

p = mass density of seawater

g = acceleration due to gravity

T = wave period

Hy, = deepwater wave height

Kg = refraction coefficient

a = breaker angle

Since sediment transport rates along a straight shoreline associated with a
certain wave period are known (table D-10), the variation in the transport
rate along the bulge shoreline for a given wave period depends on the
difference in the breaker angle at a point on the bulge shoreline relative
to the breaker angle on the straight shoreline and the difference in the
refraction coefficient for those two shoreline conditions. This dependency
is given by the following:

D-20
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— 2
(q )x - (qs)N SIN 2 (ab)x ﬁKR)x\

S
SIN 2 (oub)N \(KR)N/

(qs)X = gand transport at point x on the bulge shoreline associated
with a given wave period

sand transport along a straight shoreline associated with

the same wave period (table D-10)

(ab)N = breaker angle on a straight shoreline for the wave period

(Eq. 7)

where:

(qs)N

(ab) = breaker angle at point x on the shoreline for the same
period

(Kg)y = refraction coefficient for the wave period on a straight
shoreline

(KR)X = refraction coeff1c1ent at point x on the bulge shoreline

for the same period

The initial variation in the breaker angles and refraction coefficients
along the bulge shoreline for the various wave conditions were computed by
refracting waves across the bottom bathymetry shown on figure D-9. Wave
rays for each of the eight wave periods out of both the north and south
quadrants were refracted shoreward from the 30-foot depth contour to the
shoreline, Examples of these refraction diagrams are shown on figures D-13
to D-16. Angles at which the wave crests approached the 30-foot depth
contour were determined by first computing the average breaker angles in
accordance to eqs. 2 and 3, and then refracting the waves seaward from the

break point over the straight-parallel bottom contours.

With the basic information ‘provided by the refraction analysis, the
computation of shoreline and offshore bottom changes proceeded as follows:

1. The simulated bulge shoreline was divided into cells equal in width
to two grid spacings on the depth grid or approx1mately 416 feet as shown on
the definition sketch in figure D-17.

2, Breaker angles and refraction coefficients for the various wave
conditions were interpolated at each upcoast and downcoast boundary of the
cells,

3. The monthly sediment transport quantities associated with each wave
period and direction were arranged in a random order. The random order of
the 16 wave events 1s shown in table D-11., This random order of wave input
was repeated twice each month with one-half of the transport associated with
a given wave condition in that month allowed to move along the simulated
shoreline and the resulting shoreline changes computed before simulating the
next sediment transport condition. Since there are 16 wave conditions, 32
such computations were carried out for each month resulting in a total of
384 shoreline change computations during a 1 year simulation.



<<<<<<<<<
mmmmmmmmmmmmmm
............
<<<<<<<<<<<<<<<<<
mmmmmmmmm

mmmmmmmmmmmmmm
mmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmm

w




/

///%/%//////

/

W

-

)

BULGE SHORELINE AFTER
3 YEARS SIMULATED
SAND TRANSPORT

(4
:—3<me
o <



()




INVIQVNO

HINOS WOJ4 SIAVM

‘a0Ol¥y3d IAVM D35 68

WVIOVIAQ NOILDOVYI3Y
9t-a 3I¥INOH

‘1¥O4dSNVYIL ANVS




SNOILVINdWOD 3IONVHO
3NITIYOHS-HO13NS NOILINII3]
L1-0 NSO

1SYOONMOQ 1Sv02odN

(€) 113> €5y, (2)113> 25y, (t)113D ISy
- (2)AV ~-— -

FOVSENNNNYINEVIZ] -h&n;- PR 022 0002200002200 00020000

() 113> -—

(Z)awy———
(z) X
QWX —=————
X

N AL/ —

HIJIM 1130 =XV

(1) 113D 40 SINIOJAQIW =() QWX ---‘(Z)awX ' (L) aIwX
SINIVANNOEG 113D 40 SILVNIGIOOD = (r)x---'(€) X '(Z)x "{1) X




TABLE D-11

Random Order of Wave Input to Bulge Analysis

Order Wave Direction Wave Period (sec)

1 north 11.0
2 south ‘ 13.0
3 north 8.5
4 north 5.5
5 north 7.5
6 south 7.5
7 north 13.0
8 south : 4.5
9 south 8.5
10 south 5.5
11 south : 11.0
12 north 6.5
13 north 4.5
14 south 9.5
15 south 6.5
16 north 9.5
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4, The change in the shoreline position due to each sand transport
episode was determined from the difference in the rate of sand transport at
each cell boundary in accordance with the following equation:

AY(1) = AVOL(di) ' (Eq. 8)
AX C
in which:
AY(1) = change in position of the shoreline at the midpoint of
cell (i)
AVOL(i) = (qg(5*1)), - (qg(j)), = difference in sand

transport volume at the downdrift cell boundary (j+1)
and upcoast cell boundary (j) for wave condition
k(k=1 to 16)

sediment transport at the cell boundary computed in
accordance with eq. 7. Since only one refraction
analysis was performed for each year's simulation, the
refraction coefficient ratio in eq. 7 for a given wave
condition remained the same at a given cell boundary

. during a year's simulation of sediment transport. Thus
during the vyear's simulation only the breaker angle
ratio changed for each sediment transport episode,.

AX = length of the cell.

C = volumetric equivalent factor relating volume change on

the profile to a linear change in the shoreline

position.

CRENS

5. The change in shoreline position, Y(i), applied to the midpoint of
each cell results in a change in the shoreline angle across the cell
boundaries (see figure D-17). This change in the shoreline angle between
the midpoints of the cells is computed by: :

A6(1) = Tan™' AY(i+l) - AY(4) (Eq. 9)
AX

6. This change in the shoreline angle across the cell boundary results
in a new breaker angle at the cell boundary which is given by:



oab(j)k = abo(j) + 46(1)

(Eq. 10)
where:

ab(j)k = new breaker angle at cell boundary (j) for wave
condition k

abo(j)k = initial breaker angle at cell boundary (j) for wave
condition k computed from the wave refraction
analysis, 1i.e.,, this is the breaker angle at the
beginning of the 1 year simulation of sediment
transport

A8 (1) = change in shoreline angle between the midpoints of cell

(i+1) and (i) given by eq. 9. (Note that when j=n,
i=n+l)

7. Steps 4-6 are repeated for each cell until all 384 yearly transport
episodes are completed. This yields the new shoreline position at each cell
midpoint after 1 year.

8. Once this new shoreline position was found, an entirely new depth
grid was generated by assuming that all depth contours out to -24 feet,
m.s.l. remained parallel to the new shoreline. The -30-foot, m.s.l. contour
was maintained 3,050 feet from the original straight shoreline throughout
the analysis, '

9. The wave refraction analysis, for the 16 wave conditions, was
repeated using the new offshore depth grid. This resulted in a new set of
initial breaker angles,\abo(j)k , and refraction coefficients, (KR)T’
which were used in the computation of shoreline changes during the second
year of simulated longshore sediment transport.

10. The entire procedure was repeated until a total of 5 years of long-
shore transport and shoreline change had been simulated.

The above described numerical simulation of shoreline change was accomp-
lished on the Wilmington Distriet's Harris 120 Computer System and involved
the use of seven computer programs. Table D-12 contains a list of the
programs giving their file name and a general description of what each
program does. Printouts of these programs 'can be made available upon
request.

Results of Bulge Analysis. The computed theoretical rates of shoreline
change along the bulge shoreline after 5 years of simulated littoral trans-
port are shown on figure D-18(a). Figure D-18(b) shows a similar plot of
the observed rates of shoreline change on Wrightsville Beach and Shell
Island. The observed rates plotted on figure D~18(b) are those given in
table D-2. Also plotted on figure D-18(b) is a curve of the difference
between the observed rates of shoreline change and the theoretical rate
computed at comparable points on the simulated bulge shoreline. As
indicated by the shaded area on figure D-18(b), a large portion of the
erosion that occurred within the limits of the 1970 fill, specifically from

D-25



TABLE D-12

Numerical Shoreline Change Simulation
Computer Program Listing

Program File Name Description

1. NEWCTUR Generates depth contours over the depth grid area
: based on a given shoreline position. (SAW)

2. GRDW4 Computes depth values at each X, Y grid point from
the position of the depth contours generated by
NEWCTUR. (SAW)

3. RI Main wave refraction program. Computes the path
of the individual wave rays over the depth grid.
(CERC)

4. R2 Takes each wave ray pair and computes the value of

the wave refraction coefficient and the angle the
rays make the the X-axis at various points along
the path of the ray pair. Imput is from RIl.
(CERC-SAW)

5. R3 Computes the refraction coefficient and wave angle
relative to the shoreline at the point of breaking
of the wave. Input is from R2. (SAW)

6. SHOEVO Data from R3 is used to compute the change in the
shoreline position in accordance with the steps
given in the text. (SAW)

7. SLCHG Computes the rates of shoreline change from
results of SHOEVO.

(SAW) - program written by Wilmington District
(CERC) - program written by the Coastal Engineering Research Center
(CERC~SAW) ~ program written by CERC and modified by SAW
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station 100+00 to 160+00, can be explained by the effects that the bulbous
shoreline has had on longshore transport along Wrightsville Beach. Worth
and south of this particular reach the observed rates of shoreline change
appear to be independent of the effects associated with the shoreline
shape.

The average rate of shoreline change observed between stations 100+00 and
160+00 was -16.2 feet/yr. Over a comparable stretch of the simulated bulge
shoreline, the average rate of shoreline change attributed to the bulge
shoreline was ~9.1 feet/yr. or 56.2 percent of the total observed rate.
Within this 6,000-foot reach, the adjusted volume loss, as given in
table D-5 over the 9~-year period from August 1970 to July 1979 was 657,600
cu. yd. which is equivalent to an annual rate of 73,000 cu. yd./yr.
Therefore, based on the theoretical bulge shoreline analysis, 56.2 percent
of this volumetric loss, or 41,000 cu. yd./yr., was due to the protuberant
shape of the shoreline.

Conclusions. The present estimate of the total rate of volumetric loss from
the Wrightsville Beach project, adjusted for sorting and winnowing losses
from the 1970 fill, is 130,000 cu. yd./yr. Of this total, 29,000 cu. yd./
yr.. is attributed to historical or long-term losses that were occurring
before the construction of the hurricane/shore protection project and the
stabilization of Masonboro Inlet. These historical losses included sediment
entrapment in the inlets, storm induced erosion, and losses due to a gradual
rise in sea level. In addition, the anomalous shape of the present
shoreline of Wrightsville Beach, which is convex seaward rather than con-
cave, has accelerated the natural loss from the project by 41,000 cu. yd./
yr. 1In all, approximately 70,000 cu. yd./yr. of the erosion, or 53.8 per-
cent, is attributed to factors other than the navigation improvements at
Masonboro Inlet. Although it is not precisely clear whether or not the
remaining 60,000 cu. yd./yr. loss, or 46.2 percent, is due entirely to the
Masonboro Inlet navigation improvements, no other causes could be identi-
fied. Therefore, 46.2 percent of the total loss off Wrightsville Beach is
assigned to the Masonboro Inlet navigation project.

Section 111 of the River and Harbor Act of 1968 (PL 90-483), requires the
Federal Government to wmitigate erosion caused by Federal navigation
projects. 1In the case of Wrightsville Beach, 46.2 percent of the erosion
from the beach project has been attributed to the navigation improvements at
Masonboro Inlet. Therefore, this portion of any future renourishment of the
beach would be paid for by Federal navigation funds. The remaining
53.8 percent of the cost required to rebuild the beach would be shared
between Federal and non~Federal interest.
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REVISION OF WRIGHTSVILLE BEACH SEDIMENT BUDGET

General. The current estimate of the volumetric erosion on Wrightsville
Beach differs from that contained in the sediment budget presented in the
Masonboro Inlet south jetty GDM (l1). Also, 5 more years of survey informa-
tion was available for both Masonboro Inlet and Masonboro Island compared to
that used in the previous sediment budget. Therefore, the sediment budget
applicable to Wrightsville Beach, Masonboro Inlet, and the north end of
Masonboro Island was revised to reflect the latest information available for
these areas,

Masonboro Island Volume Change. Beach profile surveys of Masonboro Island,

which extended out to the —-30-foot m.s.l. depth contour, were made in July
1969 and August 1979. From a comparison of these two offshore surveys, the
northern 6,000 feet of Masonboro Island, which corresponds to the same area
used in the GDM sediment budget, lost a total of 832,000 cu. yd. of sand,
which is equivalent to an average annual rate of -83,000 cu. yd./yr. This
volumetric erosion rate is down from the GDM estimate in which the loss rate
was estimated to be 155,000 cu. yd./yr. The difference in the two rates can
be explained in part by the difference in the quality of the survey data, in
that the GDM estimate was only based on shoreline movements over a 4-year
period from July 1969 to September 1973, whereas the current estimate
included changes in the entire active profile over a l0-year period. Along
the remainder of Masonboro Island the measured rate of volume change over
the July 1969 to August 1979 survey period was -179,000 cu. yd./yr., which
is also below the GDM estimate of -310,000 cu. yd./yr.

Masonboro Inlet. The revised rate of sand accumulation in Masonboro Inlet

was based on survey of the ocean bar made between July 1970 and August 1980
and surveys of Banks Channel made in 1970 and 1978. The 1970 survey of
Banks Channel was made following the 1970 beach renourishment in which this
particular area was used as a borrow source for the fill material. The
total rate of sand accumulation in the inlet complex computed from these
surveys was 256,000 cu. yd./yr. of which 95,000 cu. yd./yr. was being
trapped in Banks Channel and 161,000 cu. yd./yr. on the ocean bar. This
total rate of sand accumulation in the inlet is also lower than the previous
estimate of 435,000 cu. yd./yr. contained in the GDM. The one consistent
trend between these old and new rates of volume change is that the newly
computed rates are lower than the previous rates.

Revigsed Sediment Budget. The old sediment budget for the Wrightsville Beach

~Masonboro Inlet area is shown on figure D-19(a). Figure D-19(b) 1is the
revised sediment budget based on the new estimates of volume change. The
revised sediment budget was derived from the old in the following manner:

(a) The longshore transport rates into and out of the Wrightsville
Beach littoral cell were reduced by the ratio of the new rate of volumetric
erosion to the old rate, i.e. 116,000/160,000 = ,725,
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(b) As in the old sediment budget, natural sand movement across
Masonboro Inlet to Wrightsville Beach was assumed to be zero., Based on this
assumption, a total of 298,000 cu. yd./yr. must pass by the north jetty and
enter Masonboro Inlet.

(c) Sand transport off the north end of Masonboro Island into Mason-—
boro Inlet was reduced by the ratio of the new and old sand entrapment rates
in the inlet which was 256,000/435,000 = .589. With this assumption, the
natural sand bypassing from Masonboro Inlet to the north end of Masonboro
Island (presouth jetty rate) was 314,000 cu. yd./yr.

(d) The relative rates of sand transport at the south boundary of the
north end of Masonboro Island littoral cell was assumed to stay the same as
in the old budget, i.e. if the northward transport at this boundary is taken
as Qys the southward transport would be 1.288 Qy: The revised transport
rates at this particular boundary were within 3.3 percent of the old
estimate.

Now that the south jetty at Masonboro Inlet has been completed, sand trans-
port from Masonboro Inlet to Masonboro Island, and vice versa, has been
stopped. As a result, sand accumulation in Masonboro Inlet should increase
to around 298,000 cu. yd./yr. whereas erosion of the north end of Masonboro
Island should be 125,000 cu. yd./yr. This present sediment budget is shown
on figure D-19(c).

FUTURE SOURCE OF BEACH NOURISHMENT MATERIAL FOR WRIGHTSVILLE BEACH

In the south jetty GDM (1), a sand bypassing and backpassing scheme was
developed in which material trapped in the inlet each year would have been
placed on Masonboro Island and Wrightsville Beach during alternate years.
This particular scheme was recommended since, at the time, the erosion on
both beaches which was attributed to the inlet navigation improvements
appeared to be equal. Based on the present sediment budget as shown in
figure D-19(c), the total rate of erosion along the north end of Masonboro
Island, which is 125,000 cu. yd./yr., is still essentially equal to the
130,000 cu. yd./yr. rate of loss off Wrightsville Beach. However, only
60,000 cu, yd./yr. of the Wrightsville Beach loss is now attributed to
Masonboro Inlet. In any event, the bypassing-backpassing scheme developed
in (1) still appears feasible since no adverse effects would be expected on
Masonboro Island as a result. of placing inlet trapped material back on to
Wrightsville Beach. For example, the biennial requirement for Masonboro
Island would be 250,000 cu. yd. whereas the Wrightsville Beach biennial
requirements would be 260,000 cu. yd. Since 298,000 cu. yd. of sand is
expected to accumulate in Masonboro Inlet each year, enough of this material
should be available for placement on these two beaches.

D-29



VA

IN.[,Z QRT .L|||‘

* acmisa

e

CAROLINA

- eCiaRonTE

gaiily
G AN w“A " VIONITY AP

WHIGHTSVILLE REACH, N, C. AND WEINITY (1.6}

GENERAL MAP

SCALE 1N REET

100, [} o 0 a0
e —

U 9. ARUY ENOINEER WISTRICT, WILMINGTON, N.C,

DRawe gy

eHEerEo B FILE NO.

PLATE D-




APPENDIX E
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United States Department of the Interior
FISH AND WILDLIFE SERVICE
PLATEAU BUILDING, ROOM A-5
50 SOUTH FRENCH BROAD AVENUE
ASHEVILLE, NORTH CAROLINA 28801

March 2, 1982

Colonel Robert K. Hughes
District Engineer

U.S. Army Corps of Engineers
P.0. Box 1890

Wilmington, North Carolina 28402

Dear Colonel Hughes:

Enclosed is the Service's Final Fish and Wildlife Coordination Act
Report on the proposed Beach Erosion Control and Hurricane Protection
project at Wrightsville Beach. Letters of concurrence from the North
Carolina Wildlife Resources Commission and the North Carolina Office of
Coastal Management and your letter reviewing the draft version of the
report are contained in Appendix E of the report.

The Service appreciates the opportunity to provide this final report to
you and vour staff.

Sincerely,

William C. Hickling
Area Manager

Enclosure

cc:

Mr. Randy Cheek, National Marine Fisheries Service, Environmental
Assessment Branch, Piver's Island, P.0. Box 570, Beaufort, NC 28516

Environmental Protection Agency - Region IV, 345 Courtland Street, N.E.,
Atlanta, GA 30308

Mr. Preston P. Pate, Jr., Office of Coastal Management, P.0. Box 769,
Morehead City, NC 28557

Mr. Rich Carpenter, Division of Marine Fisheries, 7725 Wrightsville
Avenue, Wilmington, Neorth Carolina 28403

Mr. Frank Reilly, Department of Surgervy, Trace Elements Lab, East
Carolina University, Greenville, NC 27834

FWS, Washington, DC (ES--Attention Mr. Don Dobel, Rranch Chief, Branch
of Federal Projects)

Raleigh ES
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~ INTRODUCTION

The following report addresses the Wrightsville Beach Erosion Control

and Hurricane Protection Study being conducted by the Wilmington Dis-
trict Corps of Engineers. On December 2, 1970, the Committee on Public
Works of the U.S. House of Representatives adopted a resolution requesting
the Secretary of the Army to direct the Chief of Engineers to conduct a
survey of Wrightsville Beach in New Hanover County, North Carolina
including the adjacent beaches, oceanic and lagoonal shores and intercon-
nected tidal channels. The survey was authorized in the interest of
formulating measures for beach erosion control, hurricane protection and
related purposes. The U.S. Army Corps of Engineers, Wilmington District,
conducted a survey in accordance with that resolution which identified

the principal problems at Wrightsville beach as: 1) potential hurricane
flood damage as a consequence of low elevation; and 2) loss of land and
structures as a consequence of erosion of estuarine and oceanic shorelines.
In addition to evaluating the feasibility of reducing and/or controlling
the principal problems, Corps planning objectives as stated in the Stage

I report (U.S. Army Corps of Engineers 1978) were to:

*Develop basic'data and guidelines for protecting and enhancing the
environmental and esthetic quality of undeveloped sections of
estuarine and barrier beach islands and adjacent waters.

*Develop and evaluate basic data and guidelines to assist in pro-
ducing a rational program of land use for undeveloped Shell Island
area.

*Develop guidelines for providing additional parking facilities to
reduce traffic congestion and assist in improving public utilization
of existing beach area.

Structural and non-structural measures to address the stated objectives
were presented for consideration in the Stage I report (U.S. Army Corps
of Engineers 1978). Alternative plans for alleviating the principal
problems are presented ‘and evaluated in the Corps' Stage II report (U.S.
Army Corps of Engineers 1981).

This report is submitted under authority of Section 2 (b) of the Fish
and Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661
et seq.) and should be incorporated as an integral part of the Corps'
Stage III report. This report was prepared in cooperation with the N.C.
Department of Natural Resources and Community Development-Division of
Marine Fisheries (DMF), the N.C. Wildlife Resources Commission (WRC),
the National Marine Fisheries Service (NMFS), and the N.C. Office of
%oas?a] Management (OCM) and the U.S. Environmental Protection Agency
EPA).



In addition to fulfilling our responsibility under the Fish and Wildlife
Coordination Act, this document also serves to fulfill the Service's
responsibility to provide comments to other Federal agencies regarding:
1) environmental impacts of projects wherein we have special expertise
or jurisdiction by law (National Environmental Policy Act; 42 U.S.C.
4332 (c) (v)); 2) endangered or threatened species (Endangered Species
Act of 1973, as amended, 16 U.S.C. 1536); 3) fioodplains (Executive
Order 11988, Floodplain Management, May 24, 1977); and 4) wetlands
(Executive Order 11990, Protection of Wetlands, May 24, 1977).

The objectives of this report are to:

*Provide a brief description of the existing conditions at Wrights-
ville Beach.

*Summarize previous efforts in regard to controlling beach erosion
and preventing hurricane damage at Wrightsville Beach;

*Describe the aquatic and wildlife resources present at Wrightsville
Beach and in the vicinity;

*Summarize the alternatives considered for solving existing problems
at Wrightsville Beach;

*Assess the impacts of each alternative upon aquatic and wildlife
resources at and in the vicinity of Wrightsville Beach; and

*Make recommendations as to which alternative(s) would be most
desirable from an environmental quality standpoint.

Previous reports were provided by the Service to the Corps for the
present study and for a previous study concerning Wrightsville Beach. A
survey report was provided February 26, 1960 in regard to proposed
hurricane-tidal flood protection at Wrightsville Beach. Subsequent to
that report, the Service provided a report to aid in the Corps' Stage II
planning (U.S. Fish and Wildlife Service 1979) and a supplementary
report dated March 18, 1981 (U.S. Fish and Wildlife Service 1981) as a
consequence of the present Corps study.

DESCRIPTION OF THE AREA

General Description

The town of Wrightsville Beach is located on two islands, an estuarine
isTand known as Harbor Island and the barrier island of Wrightsville
Beach in New Hanover County, North Carolina about 25 miles northeast of
Cape Fear and eight miles east of Wilmington, N.C. (Figure 1). A second
barrier island, Shell Island, is now part of Wrightsville Beach Island
as a result of the filling of Moore Inlet by the Corps in 1965 (U.S.
Army Corps of Engineers 1978).
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1

The island of Wrightsville Beach is oriented northeast-southwest and is
bounded on the northeast by Mason Inlet, on the east by the Atlantic
Ocean, on the southwest by Masonboro Inlet, and on the west by the
Atlantic Intracoastal Waterway (AIWW). Access to Harbor Island and
Wrightsville Beach is provided by US Highways 74 and 76,

The Wrightsville Beach-Shell Island complex is approximately 4.8 miles

in Tength and its high ground area is only 0.25 mile wide at its widest
point (Figure 1). There are approximately 4.5 miles of oceanic shoreline
(U.S. Army Corps of Engineers 1981), and 3.2 miles are within the corporate
1imits of the town of Wrightsville Beach. Harbor Island's shoreline is
entirely estuarine and encompasses 3.5 miles. There are an additional

3.0 miles of estuarine shoreline on the barrier island located within

the Wrightsville Beach corporate 1imits.

Harbor Island has a total area of 293 acres. About 171 acres of the
island are developed. The remaining acreage consists primarily of an
expanse of salt marsh, tidal creeks and tidal flats Tocated between US

74 and 76 in the central portion of the island. An additional undeveloped
marsh and tidal creek area 1ies north of US 74-76 along the AIWW.

High ground areas with elevations in excess of five feet above mean sea
level occupy approximately 477 acres on the Wrightsville Beach-Shell
IsTand complex. The developed portions of the complex occupy 354 acres.
An additional 123 acres located immediately north of the developed tract
is presently undeveloped. Associated with the barrier island complex is
an extensive area of salt marsh, intertwining tidal creeks and dredge
spoil islands, located to the northeast and southwest of Harbor Island
along the AIWW (Figure 1). The marsh and associated tidal creeks occupy
approximately 1872 acres. There are approximately 179 acres of dredge
spoil islands where elevations exceed 5 feet above mean sea level.

Table 1 presents total acreages-and acreages by landform and land-use
classification for the project area.

The usual oceanic tidal range at Wrightsville Beach is approximately 4.0
feet, with spring tides ranging to 4.7 feet. The highest tides ever
recorded at Wrightsville Beach occurred during Hurricane Hazel in 1954
and attained a level of approximately 12 feet above mean sea level.
Elevations on Harbor Island and Wrightsville Beach are primarily between
0-10 feet above mean sea level. Some dunes in the undeveloped northern
portion of the barrier island approach an elevation of 20 feet above
mean sea level (U.S. Army Corps of Engineers 1978).



Table 1. Acreages by usage and/or landform for Harbor Island and the
Wrightsville Beach-Shell Island Complex.

Island ' Landform/Usage Acres
Harbor Island High Ground?, Developed 171
High Ground, Undeveloped 22
Marsh, Tidal Flats, Tidal Creeks 100
Total Area 293*
Wrightsville Beach- High Ground, Developed 354*
Shell Island
High Ground, Undeveloped 123*
Marsh, Tidal Flats, Tidal Creeks
(NE Harbor Island) 1147
Marsh Tidal Flats, Tidal Creeks
(SW Harbor Island) 725
High Ground, Dredge Spoil Islands
(NE Harbor Island) 105
High Ground, Dredge Spoil Islands
(SW Harbor Island) 74
Total Area 2528

*
1 Acreages are approximate as determined by polar planimeter except for

values followed by an asterisk which were cited in U.S. Army Corps of
Engineers (1978; 1981). ‘

2High ground is defined as any area greater than five feet above mean
sea level in elevation.



Vegetation remaining on the undeveloped portions of Harbor Island and"-
Wrightsville Beach is typical of that found on other barrier islands in
the dune and shrub thicket communities. Upland areas on Harbor Island
are almost completely developed with 1ittle natural vegetation remaining,
but some shrub thicket exists bordering the remaining expanse of marsh.

The undeveloped northern portion of Wrightsville Beach contains an
extensive dune community dominated by grasses with occasional shrubs
interspersed. Principal species include sea oats (Uniola paniculata),
spike grass (Uniola laxa), saltmeadow cordgrass (Spartina patens),
broomsedge ' (Andropogon virginicus) and sea elder {Iva imbricata).
Interspersed among the grasses, particularly in the swales between the
dune ridges, are yucca (Yuéca filamentosa), blanket flower (Gaillardia
pulcheila), prickley pear (Opuntia sp.), sea rocket (Cakile edentula)

and sea lavender (Limonium ¢arolinianum). The transition zone between

the dune community and the extensive salt marshes to the west is dominated
by saltmeadow cordgrass with interspersed patches of saltgrass (Distichlis
spicata), glasswort (Salicornia sp.), scattered sea ox-eye (Borrichia
frutescens), and silverling (Baccharis halimifolia). The marshes are
composed of smooth cordgrass (Spartina alterniflora). Dredge spoil
isTands located along the AIWW which have remained undisturbed for a
number of years have typical maritime shrub thicket communities.

Development is present along approximately 3 miles of the 4.5 miles of
oceanfront beach on the barrier island. Development began in 1899 when

a trolley which provided access from the mainland was established.

Presently there are 1,161 structures located within the town of Wrightsville
Beach, 66 of which are commercial (U.S. Army Corps of Engineers 1981).

The remaining structures are residential. Approximately 80 percent of

the high ground area on Harbor Island and Wrightsville Beach is currently
developed (Table 1), largely with single-family frame dwellings which-

serve as vacation homes.

The resident population of Wrightsville Beach is approximately 3,000 and
peak summer populations may approach 25,000 if day visitors are included
(U.S. Army Corps of Engineers 1981). The currently undeveloped northern
end of the barrier island is owned by the Shell Island Corporation (83
acres) and the Hutaff family (approximately 40 acres). There are no
known plans for development of the Hutaff tract, but the Shell Island
Corporation is planning to develop their tract which is adjacent to
Wrightsville Beach.

Description of the Problem

Harbor Island and the Wrightsville Beach-Shell Island complex have
historically been subjected to hurricane flood damage, overwash and -
erosion of both oceanic and estuarine shorelines. The barrier isiand is
also subject to property loss from inlet migration. Hurricanes which
occurred between the years of 1944 and 1960 caused physical property
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damage of about $4,000,000 in 1960 dollars (U.S. Army Corps of Engineers
1978) and caused erosion which necessitated the placement of a total of
approximately 500,000 cubic yards of sand on four separate occasions
between 1955 and 1959 (U.S. Army Corps of Engineers 1981).

Historically, overwashes have occurred on the northern end of the Wrights-
ville Beach-Shell Island complex although none have occurred in the last
20 years since hurricane activity has been minimal. The Shell Island
Corporation tract was overwashed on several occasions prior to 1938, but
there is no indication that overwashes have occurred subsequent to that
year. The Hutaff tract is generally lower in elevation and has been
overwashed twice since 1938 (U.S. Army Corps of Engineers 1981).

Inlet migration is a likelihood only at Mason Inlet on the northern end
of the barrier island. Mason Inlet is migrating south at a long-term
average rate of 84 feet per year, and if that rate continues, will
migrate through the Hutaff tract and encroach on the Shell Island Corpor-
ation tract within 25 years (U.S. Army Corps of Engineers 1981). The
southern inlet, Masonboro Inlet, is stable by virtue of two jetties

which were constructed by the Corps in 1965-66 and 1979-80 respectively.

Erosion problems have existed at Wrightsville Beach since the first
attempts to build structures there. Groins were constructed in 1923,
1925 and 1939 by local interests but all were ultimately destroyed by
marine borers and/or the sea (U.S. Army Corps of Engineers 1981).
Federal involvement began in 1962 when Congress authorized construction
of 14,000 feet of dune and berm along the Wrightsville Beach ocean
shoreline. That project, completed in 1965, included the closure of
Moore Inlet and nourishment of 2,800 feet of beach north of the authorized
project 1imits (U.S. Army Corps of Engineers 1978). The project has
been maintained by periodic renourishment and was essentially rebuilt in
1970 and more recently in 1981.

Plan of Development

Consideration of the Stage II Corps planning objectives led to the
development of four plans, several of which have options associated with
them. The plans fall into essentially two categories: plan 4, which
would reduce or eliminate inundation damages, is a nonstructural measure;
plans 1, 2, 3 and the variations thereof are plans which would require
some structural measures in conjunction with nonstructural ones. In
addition, the Corps also conducted an analysis of the existing Wrights-
ville Beach shore protection project which may include structural
measures if it is implemented.

Plan 1
Plan 1 would extend the authorized shore protection project north-

ward by 3,000 feet to protect the developed portion of the barrier
island which is adjacent to the existing project.



Plan 1 is under consideration to alleviate ocean beach erosion and
to minimize hurricane damage potential immediately north of the
existing project. The convex shoreline created at the junction of
the existing project with the natural beach has eroded at a rapid
rate and jeopardized the Holiday Inn motel and four residences to
the extent that bulkheading is required to prevent undermining of
the structures. Plan 1-A would require construction of a 50-foot-
wide berm and 25-foot-wide dune system seaward of the present
building 1ine along that shoreline. The dune would have an eleva-
tion of +15 feet above mean low water (mlw) and the berm would be
+12 mlw. The dune extension would tie in to the existing natural
dune to the north. In addition, Plan 1-B would require the reloca-
tion of the building line and the oceanfront row of structures.
This additional action would create a more stable shoreline configuration
and would reduce erosion losses relative to Plan 1-A.

Plan 2

Plan 2 combines the features of Plans 1-A and 1-B with the require-
ment that any future development within the Shell Island portion of
the barrier island be landward of a proposed building Tine which
follows the landward edge of the existing primary dune ridge. This
additional requirement would insure a high level of natural shore
protection for any future development.

Plan 2 is under consideration to insure that subsequent development
employs existing natural shore protection and alleviates the need
for future extension of the existing shore project.

Plan 3

P1an 3 combines the provisions of Plans 1-A and 1-B with a proposal
that the undeveloped northern portion of the island be acquired for
preservation of its environmental and aesthetic value. Plan 3-A
calls for managing the area for recreational uses rather than for
preservation.

Plan 3 was considered largely in response to Executive Order No.
11988 relative to floodplain management and expressions of concern

by Tocal citizens over the possible development of the only remaining
undeveloped section of barrier island within the study area.

Plan 4

Plan 4 is an entirely nonstructural plan which would employ a
variety of measures to reduce or eliminate damage to structures
within the study area. Such measures would include elevating the
structures on pilings, constructing small floodwalls, and relocating
buildings out of the flood hazard zone.



This plan was included for consideration as a means of providing
protection, against damages accompanying up to a 100-year flood,
for every structure within Wrightsville Beach.

Evaluation of Existing Shore Protection Project

Because authority for further Federal contributions toward nourish-
ment of Wrightsville Beach expired in April, 1981 and nourishment
for projects funded subsequent to 1975 has been authorized for the
full 50 years of project life, this evaluation was added as an
additional Corps Stage II study objective. The Corps has identified
three areas for consideration:

(1) Study Area Shore Processes - Specifically, a determin-
ation of the present erosion rate at Wrightsville
Beach and the relative magnitudes of the factors

‘which contribute to the erosion problem.

(2) Economic feasibility of continued beach nourishment
for the remaining 40 years of project life.

(3) Possible improvement of project cost effectiveness
through use of shoreline stabilization structures.
These would reduce the annual quantity of beach
nourishment required to maintain the authorized level
of protection.

EXISTING RESOURCES

Aquatic Resources

Commercial and recreational fishery resources at Wrightsville Beach are
of primary importance from an economic standpoint to those who fish for
them and to local merchants who depend on revenue generated by visiting
fishermen. The highly varied and diverse marine invertebrate faura of
Banks Channel and surrounding area waters and intertidal flats also
serve as an important teaching resource for nearby academic institutions
(Dr. Anne McCrary, University of North Carolina at Wilmington, personal
communication). The waters surrounding Wrightsville Beach constitute a
third important resource since they serve as nursery areas for many
species of ecological, economic and academic interest.

Commercial and Recreational Fisheries

Significant commercial and recreational fisheries exist at and in the
vicinity of Wrightsville Beach. Both sport and commercial fishermen
fish Mason Inlet, Masonboro Inlet, Masonboro Channel, Banks Channel and
Lees Cut for common marine fish species as well as shrimp and blue
crabs. Several marinas and landings on Harbor Island or in the vicinity
provide access to the waters adjacent to Wrightsville Beach. Pedestrian



recreational fishing occurs from two fishing piers (Figure 1), the ocean
beach, the US 74 and US 76 bridges, and the banks of Banks Channel
(Dixon 1978).

Lees Cut and Banks Channel are the site of much of the commercial fishery
activity near Wrightsville Beach. As many as 20 commercial vessels fish
the area daily during brown shrimp (Pénaéus aztecus) and pink shrimp (P.
duorarum) seasons. The cut is also fished commercially by gill-netters

pigfish (Orthopristis chrysoptera) and by pot fishermen seeking blue
crabs (Cdallinectes sapidus). Lee and Banks Channels are also important
crabbing areas. An area south of the US 76 bridge is the sole site
where commercial fishing for hard clams (Mercenaria mercenaria) occurs.

A survey of fishermen conducted in 1978 indicates that recreational
fishing in Wrightsville Beach occurs principally from piers, in the surf
and from private small craft (Dixon 1978). Masonboro Channel, Masonboro
InTet and Mason Inlet are the primary sites for sport fishing and provide
excellent fishing for flounder (Paralichthys sp.), bluefish (Pomatomus
saltatrix), pigfish, weakfish, croaker (Micropogonias undulatus) and
spot. Fishermen surveyed indicated that they fished primarily for spot
and flounder in the summer and for bluefish in the fall (Dixon 1978).

- The N.C. Division of Marine Fisheries trawl data indicate that Banks
%hanne1 ;s heavily utilized by many other species of economic importance
Table 2).

Species of commercial and recreational fishery importance contribute
significantly to the economy of Wrightsville Beach and vicinity. The
dockside value of commercial landings from areas adjacent to Wrightsville
Beach exceeded three quarters of a million dollars in 1980 (Table 3).

A survey of recreational fishermen done by Dixon (1978) indicated that

an average value of approximately $270 was spent by each fisherman
visiting Wrightsville Beach. No data are available which indicate the
value of the recreational catch, ,
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Marine Invertebrates

Little information is available regarding invertebrate fauna inhabiting
Masonboro and Mason Inlets, Shinn Creek, Motts Channel, Lees Cut and the
AIWW (U.S. Fish and Wildlife Service 1979). There are viable populations
of hard clams (Mercenaria mercenaria) in Masonboro and Mason Inlets and
Lees Cut but harvesting is not allowed in much of the area as a consequence
of pollution (N.C. Dept. Natural Resources and Comm. Devel. 1981).

Hosier and Parnell (1979) reported the existence of significant assemblages
of benthic organisms both in and adjacent to the AIWW north and south of
the bridge to Harbor Island (sites 1-B, 2-B, 3-B, 4-B, 5-B, 7-B and 11-

B; John Baden, U.S. Army Corps of Engineers, personal communication).

Sites were also reported in Mason Inlet (8-B) and on the south side of
Motts Channel (14-B). It is Tikely that all the relatively protected,
higher salinity areas of Shinn Creek, Motts Channel, Lees Cut and the

AIWW have diverse, abundant invertebrate benthic fauna.

Banks and Masonboro Channels are extremely rich in benthic invertebrate
fauna (U.S. Fish and Wildlife Service 1979; Dr. Anne McCrary, University
of North Carolina, Wilmington, personal communication). Among the
invertebrates recorded from the area are a number of uncommon and/or
disjunct species. Consequently, these areas are highly important collec-
tion and investigation sites for several publicly owned and supported
academic institutions in North Carolina, especially UNC-Wilmington.

Banks Channel and its richly diverse micro- and macro- invertebrate
populations have been studied by nationally known experts in the field
of marine invertebrate zoology. The area offers the advantage of being
readily accessible and close to laboratory facilities. With the possible
exception of estuaries located in the vicinity of Beaufort, North Carolina,
no other area in the state is as ideally suited for marine and estuarine
studies. Because there have been few substantial changes in the status
of the marine invertebrate fauna subsequent to the Service's Stage II
Planning Aid Report (U.S. Fish and Wildlife Service 1979) to the Corps,
the section of that report dealing with marine invertebrate fauna is
included herein by reference.

Nursery Arveas

The waters surrounding Wrightsville Beach serve as nursery areas for the
larval and juvenile stages of many of the economically important fish

and shelifish. The perpetuation of the commercial and recreational
fisheries is totally dependent upon the continued maintenance of suitable
nursery habitat and sufficient water quality within the habitat. Numerous
other species of ecological importance as prey items also use nursery
areas adjacent to Wrightsville Beach. A list of fish which have occurred
or probably do occur at Wrightsville Beach is attached as Appendix A.

The State of North Carolina has designated as primary nursery areas
several expanses of salt marsh with intertwining tidal creeks adjacent
to Wrightsville Beach. Those areas designated are the expanses of salt
marsh and intertwining tidal creeks northwest of Shell Island and north
of Shell Island Sound and the area lying between Motts Channel and
Masonboro Inlet west of Wrightsville Beach.

15



Recent studies in the Cape Fear River estuary have shown that concentra-

tions of larval and juvenile organisms within such salt marsh habitat

far exceed concentrations in adjacent open water habitat (Hodson 1979; .
Weinstein 1979) and that access to such habitats is often a prerequisite

for growth in several economically and ecologically important species

(Hodson, Hackman and Bennet, in press; Weisburg and Lotrich 1981). A

study of Tarval fishes near Wrightsville Beach indicates that the salt

marsh habitat in the area is utilized as a nursery area by a variety of

species and does contribute significantly to the perpetuation of commercial

and recreational fisheries (Dr. Gil Bane, UNC-W, unpublished data).

Wildlife Resources

The beaches, dunes, maritime shrub thickets, salt marshes, intertidal
flats and subtidal open water areas and associated vegetation on and

near Wrightsville Beach provide habitat, food, and cover for a number of
wildlife species (Table 4). Though habitat diversity is lower on Wrights-
ville Beach than on other North Carolina barrier islands, extensive

areas of both estuarine and oceanic shoreline are present on the barrier
island and its associated tidal creeks, marshes and dredge spoil islands.;

An extensive, stable dune system is present on the northern end of the
island. Maritime shrub thickets are present on dredge spoil islands and
to some extent on Harbor Island, and extensive expanses of salt marsh
lie between the barrier island and the AIWW.

Wrightsville Beach offers suitable habitat for a limited number of
reptiles and amphibians. With the exception of the loggerhead sea
turtle which is discussed under the Endangered Species section of this
report, the only reptile documented from Wrightsville Beach is the six-
lined racerunner (Cnemidophorus sexlineatus (Dr. P. Hosier, Dr. J.
Parnell, Mr. D. Webster, UNC-Wilmington, personal communications).
However, the black racer (Coluber constrictor), coachwhip (Masticophis

fla e]]um), rough green snake (Ophéodrys aestivus), glass 1izard (Ophisaurus
Spp-J), skink (Eumeces spp.) anole (Anoi1s caroi1nens1s) and diamond back
terrapin’ Ma]aciemys terrapin) may also occur but have not been recorded'
from Wrightsville Beach. Many of these latter species have been recorded
from Figure Eight Island to the north and Masonboro Island to the south

(D. Webster, UNC-W, personal communication; Hosier and C]eary, 1977).

No amphibians have been recorded from Wrightsville Beach (N.C. State

Museum of Natural History, unpublished data) but toads (Bufo sp) may

occur there.
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Table 4.

relative value to wildlife (compiled from:
1977; and Potter, Parnell and Teulings 1980).

A partial 1ist of vegetation occurring on Wrightsville Beach and its
Martin, Zim and Nelson 1951; Pierce

Species

Value

Blanket flower (Gaillardia pulchella)

Broomsedge (Andropogdon virginicus)

Cordgrass, saltmeadow (Spartina patens)

Cordgrass, smooth (Spartina alterniflora)

Glasswort (Salicornia sp.)

Prickley pear (Opuntia sp.)

Salt grass (Distichlis spicata)

Sea elder (Iva imbricata)

Sea lavender (Limonium carolinijanum)

Sea oats (Uniola paniculata)

Sea ox-eye (Borrichia frutescens)

Sea rocket (Cakile edentula)

Silverling (Baccharis halimifolia)

Spike grass (Uniola laxa)

Yucca (Yucca filamentosa)

17

No data; seeds probably eaten by birds.

Seeds eaten by songbirds; seeds and
leaves by small mammals; rootstalk by
muskrats.

Seeds important to ducks, especially
black ducks; seaside and sharptailed
sparrows; shore and marsh birds; stems
eaten by muskrats.

Seeds eaten by ducks; marsh, shore and

.song birds; and Virginia, sora, and

black rails; used for nesting by clap-
per and black rails, long-billed marsh
wrens and seaside sparrows.

Seed-bearing stem tips eaten by
ducks in the fall.

Birds and small mammals eat the seeds
and fruit.

Used by waterfowl for nesting; seeds,
young plants and roots used as food by
ducks, marsh and shore birds and small
mammals.

Used for nesting by songbirds.

No data.

Seeds eaten by birds and small mammals.
Used for nesting by songbirds.

No data.

Used for nesting by songbirds.

Seeds eaten by birds and small mammals.

No data.



Numerous waterfowl, wading birds, shorebirds and songbirds use the
available habitats, though no data are available specifically for Wrights-
ville Beach. The variety of birds which may use Wrightsville Beach is
considerable based upon those using other barrier islands in the south-
eastern U.S. (Appendix B). Appendix C contains bird species which may
occur within specific habitats on Wrightsville Beach based on those
appearing in the same habitats on Bogue Banks, Smith Island and the sea-
islands of South Carolina and Georgia. Birds recorded at and in the
vicinity of Wilmington, North Carolina during the winter of 1979-80
(Heilbrun et al. 1980) are also included in Appendix C. Additional
information on species recorded at Wrightsville Beach which have not
been reported in the published literature may be obtained from Dr. James
Parnell (Dr. J. Parnell, Univ. North Carolina - Wilmington, personal
communication).

In addition to the large number of species listed which may use the
various habitats for resting or foraging, some birds may also nest
within them. Fussell (1978) records mourning doves, Carolina wrens,
mockingbirds, catbirds, brown thrashers, prairie warblers, cardinals,
painted buntings and rufous-sided towhees as nesting in maritime shrub
thickets. Marsh nesters may include meadowlarks, red-winged black
birds, boat-tailed grackles, pied-billed grebes, least bitterns, clapper
rails, laughing gulls, long-billed marsh wrens, sharp-tailed sparrows
and seaside sparrows. Colonial nesting seabirds may use a variety of
habitats on dredge spoil islands adjacent to Wrightsville Beach (U.S.
Army Corps of Engineers 1978). Least terns were nesting on the southern-
most dredge spoil island adjacent to Masonboro Inlet in 1976 and 1977
(Parnell and Soots 1979).

Mammals which may occur at Wrightsville Beach or in the vicinity are
presented in Table 5. It is likely that mammalian fauna on Wrightsville
Beach is sparse and most comparable to that of Masonboro Island (Hosier
and Cleary 1977) due to extensive development.

Endangered Species

In accordance with Section 7 (c) of the Endangered Species Act, as
amended, the Corps requested a list of species that may be present
within the study area. The Service's response dated June 27, 1979
indicated that the brown pelican, manatee (Trichechus manatus), hawksbill
turtle (Eretmochelys imbricata), Kemp's ridTey turtle (Lepidochelys
kempii), leatherback turtle (Dermochelys coriacea), loggerhead turtle
(Caretta caretta) and green turtie {Chelonia mydas) may be present. A
biological assessment was prepared and by letter dated February 12,

1980, the Service concurred with the Corps' conclusion of no impact on
the species for which we are responsible (Appendix D). However, consider-
ation of any alternative not related to the maintenance of the existing
beach erosion control project at Wrightsville Beach, 1isting of any new
species which may be affected, or the availability of new information
which indicates a 1isted species may be affected will require that

- consultation between the Corps and the Service be reinitiated.

Although a determination of no effect was nfdd& for the loggerhead sea
turtle, that species does use the northern end of Wrightsville Beach for
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nesting to a limited extent (Debby Crouse, N.C. Dept. of Parks and
Recreation, personal communication). Since the survey conducted by the
N.C. Wildlife Resources Commission (Barick and Crouse 1980) sampled only
-twice weekly, use of the Shell Island portion of Wrightsville Beach may
have been underestimated (D. Crouse, personal communication). Any
aspect of future Corps activities at Wrightsville Beach which may occur
during the Tloggerhead turtle nesting season should be evaluated in light
of the most recent nesting data available.

FUTURE CONDITIONS

Without the Proposed Action

Aquatic Resources. The future quality of aquatic resources in the
vicinity of Wrightsville Beach is dependent upon management practices
employed by State agencies, the amount of fishing and collecting pres-
sure upon the resources, and the quality of nursery and nearshore habitats.
Commercial and recreational fishing pressure will undoubtedly increase

in the future. Overfishing could become a serious problem on a regional
basis if entry into commercial fisheries is not limited and competition
for the resource continues to increase. Competion and fishing pressure
will increase in recreational and sports fisheries as development facili-
tates access to more coastal areas and increases population densities
within and near Wrightsville Beach. If management decisions which
regulate creel, season and size limits are not reevaluated and updated

in a systematic manner, fishery resources will decline as coastal use
increases. Fishing pressure on all coastal stocks could ultimately
increase to such an extent that non-reproductive age individuals comprise
a majority of the harvest. Such pressure upon young age classes can
potentially result in complete loss of the fishery due to reproductive
failure.

Habitat quality may or may not decline in the future, depending upon the
regulation of future development on and in the vicinity of Wrightsville
Beach. Pollution from the Wrightsville Beach Sewage Treatment Plant has
already resulted in the closure of much of the adjacent area to shellfish
harvesting (N.C. Department of Natural Resources ahd Community Development
1981) and will increase as development proceeds, contributing to further
contamination of estuarine areas and potential closure of more estuarine
shellfish areas. If water quality near Wrightsville Beach continues to
decline as a consequence of increasing development and increased input

of pollutants, the usefulness of estuarine nursery areas to juvenile
fishes, shellfish and the public will decrease. The technology is
presently available to reduce contamination from sewage outfalls and, if
applied, could enhance future water quality and benefit fishery resources,
Nearshore and estuarine fishery resources may potentially be affected by
periodic events, such as oil spills, particularly if increases occur in
offshore shipping traffic. This will be especially true at Wrightsville
Beach if an oil refinery is ever built within the Cape Fear River estuary.

Increasing evidence suggests that, in rega¥d“to salt marsh’nursery
areas, habitat quantity may be as critical, or more 50, than habitat
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quality. Turner (1977) and Hodson and Hackman (In review) present data
which strongly suggest that production of penaeid shrimp, spot and
mullet are directly related to the areal extent of intertidal vegetation.
Any reduction of marsh acreage in or near the vicinity of Wrightsville
Beach is therefore 1ikely to cause further declines in estuarine produc-
tivity. As long as stringent regulations are in force which prevent
marsh alteration or elimination, such declines should not occur.

Marine invertebrates, especially epibenthic ones which are relatively
immobile, are more susceptible in many instances to overharvest and
declining water quality than mobile fish and crustaceans. While fish

and crustaceans can often avoid poor water quality, benthic inverte-

brates may be totally eliminated by declining water quality. The least
change which would occur if water quality at Wrightsville Beach declines
would be a decrease in diversity and a shift in numbers as pollution-
tolerant species become more abundant. Because invertebrates are generally
less mobile, they are more susceptible to overharvest of local populations,
especially those species which have clumped distributions. Because they
are at present essentially unregulated, perpetuation of their numbers is
somewhat dependent upon the exercise of restraint by those using them as

a resource to insure that overharvesting does not occur.

Although there will undoubtedly be some decrease in wildlife resources
at Wrightsville Beach if the northern end of the barrier island is
developed, population levels of most species should remain at or near
present levels or decline slightly.

Development of the northern end of Wrightsville Beach will eliminate

some dune habitat presently used by the six-lined racerunner and various
birds and mammals. The extent of any decrease in utility to terrestrial
wildlife will be dependent upon the manner in which development occurs.
Development which gives consideration to maintaining as much of the
existing dune system as possible and minimizing the impact of the human
population by keeping densities at reasonable levels will tend to minimize
disturbance of the natural system. Wildlife can continue to coexist

with man under these circumstances. If, however, high density development
occurs which requires clearing of the maximum amount of habitat, resident
terrestrial -wildlife population levels will decline or be completely
eliminated. Since the town of Wrightsville Beach exercises some control,
through extraterritorial jurisdiction, over the development of the
northern section, the potential exists for environmentally responsible
development to occur.

Changes in population levels of wildlife, primarily birds, which use the
beaches, marshes, dredge islands and waters around Wrightsville Beach
should be stight. 0il spills or other periodic events could drastically
reduce bird populations on beaches and in open waters if they occurred
when populations were at a peak during winter. Deterioration of estuarine
water quality to such an extent that prey species were eliminated could
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also cause declines in bird populations. Appropriate enforcement of
existing legislation and regulations, however, should prec]ude water
quality declining to such levels.

Marshes can be expected to support the same levels of wildlife which

they presently support provided there js no further decrease in available
habitat. Existing legistation and regulations, if enforced, should
preclude further Tosses of marsh habitat and thereby insure their continued
productivity.

Dredge islands should continue to support about the same Tlevels of
wildlife which presently exist if proper management techniques are
employed. Techniques such as scheduling deposition between August and
May to avoid impacts on colonial nesting seabirds, 1imiting island size
and height, and careful placement of new material should insure optimum
conditions for use of dredge islands by wildlife (U.S. Fish and Wildlife
Service 1979),

While deposition of new material upon old islands may eliminate habitat

for some species, it creates new habitats for others (Parnell and Soots
1975). As long as the total area of different habitat types present on
dredge islands within the vicinity of Wrightsville Beach remains relatively
constant, wildlife population levels should stay the same in the absence
of any other changes.

With the Proposed Action

Plan 1-Aquatic Resources.

The principle impacts on fishery and marine and estuarine invertebrate

. resources from Plan 1 would be temporary losses in water quality associated
with dredging operations and beach nourishment and short- or Tong-term
reductions in littoral and benthic invertebrate populations. Secondary
impacts would be short- or Tong-term disruptions to marine and estuarine
food chains in the area as a consequence of reduced invertebrate populations
(Reilly and Bellis 1978; Reilly, Cobb and Bellis 1980). For the purpose
of discussion, we define short-term reductions and disruptions as localized,
temporary decreases in population density and localized, temporary

shifts in dietary habits. These are usually alleviated by recruitment

of new benthos from adjacent areas as a consequence of reproduction

and/or by a return to pre-project levels of water quality and substrate
composition. Recovery may be complete within one to two years (Reilly

et al. 1980). Long-term reductions and disruptions are defined as those
impacts which impose semi-permanent decreases in population density or
cause semi-permanent dietary shifts. In this specific instance, frequent
(every two years) nourishment of Wrightsville Beach could result in a
decrease in mole crab and coquina populations for the 50-year life .of

the project. From the perspective of birds and fishes with much shorter
1ife spans than mans', such changes are essentially permanent. We

choose to call such changes semi-permanent because they are reversible

upon project completion. The magnitude and duration of adverse impacts,
both short- or long-term, is somewhat dependent upon the scheduling of
dredging and nourishment operations and the quality of material employed.
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If sufficient time intervals between nourishments are provided to allow
the system to recover, the likelihood of long-term impacts would be
greatly reduced.

Water quality decreases due to dredging and beach nourishment usually
occur as a consequence of increased turbidity and accompanying siltation.
Siltation may clog the gills and/or feeding apparatus of benthic inverte-
brates in nearby areas not being dredged. Turbidity may reduce or
temporarily eliminate larval recruitment of littoral (Reilly and Bellis
1978) and benthic fauna and may inhibit feeding of duirnally active
fishes and nocturnally active decapod predators (Reilly et al. 1980).
Larval stages of commercially important estuarine dependent fish and
crustaceans would also be impacted by increased turbidity levels if the
dredging site is located near or within migration routes and work is
performed concurrent with recruitment. The degree of siltation is to
some degree a consequence of the sediment composition of the material
used in nourishment. Material used for previous nourishment activity at
Wrightsville Beach was coarse material and produced little turbidity
(Col. H. Hughes, personal communication, January 6, 1982). If such
material is employed for future nourishments and nourishment activity is
confined to the winter months, adverse impacts should be minimal.

Initial project construction may temporarily eliminate or reduce popula-
tions of mole crabs, coquinas, ghost crabs and other littoral and sub-
Tittoral fauna. Deposition of dredged material upon Wrightsville Beach
would adversely impact fauna in localities where the material is deposited.
Fauna may be killed outright or leave the affected areas (Reilly and
Bellis 1978; Hayden and Dolan 1974). Such impacts should be considerably
reduced if nourishment occurs during the winter months when many organisms
have moved offshore to deeper waters. Biologists of the U.S. Army Corps
of Engineers, Wilmington District, conducted a cursory, one-day investigation
of mole crab abundance on Wrightsville Beach following nourishment in

1981 (U.S. Army Corps of Engineers, unpublished data). Although mole
crabs were collected, which may imply that recovery was taking place,
samples were not obtained quantitatively, therefore densities cannot be
calculated to allow comparisons with densities on undisturbed beaches.

Impacts which adversely affect mole crab and coquina populations at
Wrightsville Beach will have indirect effects on ghost crabs, shorebirds
and surf-zone fish and decapod predators. Ghost crabs feed primarily
upon mole crabs and coquinas (Wolcott 1978). If nourishment encompasses
a long stretch of beach and occurs during the time when larval recruit-
ment of mole crabs and coguinas normally occurs, prey populations could
conceivably be locally eliminated or much-reduced and consequently
either force a temporary dietary shift for ghost crabs or severely
reduce their abundance by eliminating their principal food source. The
same scenario is applicable to shorebirds and several commercially and
recreationally important fishes. Shorebirds (Sandifer et al. 1980),
pompano (Fields 1962), and kingfish (Bearden 1963) have been reported to
prey upon mole crabs and coquinas. Reilly and Bellis (1978) reported
that every fish stomach they examined contained identifiable amounts of
mole crabs and/or coquinas. Species which they collected included
kingfish, summer flounder, Florida pompano, Atlantic croaker, spot and
crevalle jack, the majority of which are of great importance to the
recreational fishery at Wrightsville Beach.
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Both PTlans 1A and 1B would require approximately 300,000 to 670,000

cubic yards of material initially with annual nourishment quantities of
27,600 to 46,000 cubic yards. Areas from which material is- taken for
beach nourishment may require from one to two years to recolonize if
substrate quality is relatively unaltered. It is possible that permanent
alteration of the benthic community will result even if substrate and
other environmental conditions are restored. Diaz and Boesch (1978)
found that preproject population composition and densities had not been
re-established in borrow areas after one year. Any permanent changes
could cause localized long-term changes in predator diversity because of
alterations in food webs. If borrow sites are confined to inlet areas
or to trap sites adjacent to the jetties at Masonboro Inlet, semi-
permanent changes would probably be less Tikely. These areas are already
inherently unstable and provide less suitable benthic habitat than
sheltered areas in channels, tidal creeks and the AIWW,

Plan 1-Wildlife Resources

Impacts to wildlife resources from implementation of Plan 1 would be
slight. Some decrease could be expected as a consequence of loss or
deterioration of benthic prey items used by diving waterfowl and littoral
infauna preyed upon by shorebirds. Additional losses would be incurred

if protection of the shoreline spurred further development on Wrightsville
Beach. Impacts of Plan 1 on aquatic and wildlife resources are summarized
in Figure 2. _

Plan 2-Aquatic Resources

Plan 2 impacts upon aquatic resources would be identical to those
described for Plan 1, since it incorporates the same provisions (see
Figure 2).

Plan 2-Wildlife Resources

Plan 2 would have less impact upon wildlife resources than Plan 1 since

it requires that a building setback line be implemented to restrict

future development on the undeveloped northern end of Wrightsville

Beach. Such a requirement would insure that the dune system which
presently exists would remain essentially intact, preserving its usefulness
as habitat to the six-lined racerunner, birds and small mammals which

Tive or forage there. Impacts of Plan 2 upon wildlife using littoral or
open water areas would be the same as Plan 1 (see Figure 2).

Plan 3-Aquatic Resources

Plan 3 would have impacts upon aquatic resources identical to those
described for Plan 1, since it incorporates the same provisions (see
Figure 2). '

Plan 3-Wildlife Resources

Plan 3 would have a beneficial impact upon terrestrial wildlife resources
since it would effectively eliminate or highly reduce any development of
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the presently undeveloped northern end of Wrightsville Beach. Preservation
of the northern end would effectively create a sanctuary for wildlife.

" Plan 3A, which would acquire the northern end as a recreational area,

would allow maximum development in the form of access roads, beach

access points and a bathhouse. It is less desirable from a wildlife
standpoint because it would require some land area for parking, access

and bathhouse facilities, but it would still preserve the majority of
terrestrial habitat for use by wildlife. Impacts of Plan 3 upon aquatic
wildlife would be the same-as those described for Plan 1 (see Figure 2).

Plan 4-Aquatic Resources.

Plan 4 would have no adverse impact upon aquatic resources.

Plan 4-Wildlife Resgurces.

Plan 4 might temporarily displace small mammal populations or birds
associated with human dwellings, but should have no substantial impact
on wildlife resources on Wrightsvilie Beach (see Figure 2).

Evaluation of Existing Shore Protection Project-Aquatic Resources

Continuation of the existing shore project would have essentially the

same impacts on aquatic resources as described for Plan 1 (see Figure

2). The longevity of those impacts would be dependent upon the scheduling
of nourishment activity at Wrightsville Beach. If nourishment is repeated
every two years as a consequence of sand-bypassing operations at Masonboro
Inlet, locally severe long-term impacts on littoral infauna and their
intertidal and surf-zone predators could result. Benthic and littoral
systems may require from one to two years to recover from the effects of
dredging and beach nourishment (Reilly and Bellis 1978; U.S. Fish and
Wildlife Service 1979).

If such a recovery period is necessary, benthic invertebrates in borrow
areas and deposition areas at Wrightsville Beach might not have sufficient
time between dredging or bypassing operations and nourishment operations
to ever fully stabilize to pre-project levels. Severe local reductions

or possible local elimination of littoral infauna as a consequence of
relatively continual disturbance could have, in turn, a locally severe
impact upon the surf and pier fisheries at Wrightsville Beach. If the
principal food source of the species which comprise the fisheries is locally
reduced, then declines in local catches could be anticipated, producing
attendant economic losses. Some indication that such a decline in local
catch could occur is given by Reilly et al. (1980) who noted a decline in
utilization of a nourished beach and adjacent areas by nocturnal decapod
predators. Such losses should not occur if sufficient time is allowed
between nourishments for fauna to completely recover.

If groins are added to the project, additional impacts on aquatic re-
sources will occur. Additional turbidity will occur in the nearshore
zone as a consequence of construction. Benthic organisms located on the
updrift side of groins will be buried if they cannot move away and
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scouring and filling of areas adjacent to groins will keep production

low until the shoreline stabilizes. Other impacts which may occur as a

result of groin construction are increased sand surface for benthic and

littoral organisms, new hard substrate for the attachment of epibenthic .
fauna and attraction of fishes (Mulvihill, Francisco, Glad, Kaster and

Wilson 1980). '

Evaluation of Existing Shore Protection Project - Wildlife Resources

Continued maintenance of the existing project would have only slight
impacts upon wildlife. Some decrease in utilization of the littoral
habitat by shorebirds and gulls would occur as a consequence of nourish-
ment activities. Such decréased use should be short-term in nature if
Tittoral infauna are allowed to sufficiently recover from each nourish-
ment effort. Any diving birds using habitat in borrow areas would also
be temporarily displaced and suffer a temporary reduction in their food

supply.

The impact of groin construction and maintenance on wildlife would
probably be slight, although 1ittle information exists concerning bio-
Togical impacts (Mulvihill et al. 1980). Some terrestrial habitat in
the dunes may be temporarily disrupted as a consequence of construction
activities, but there should be no long term adverse impact. Groin
construction will create new habitat for resting-and/or foraging for
several species of gulls and for purple sandpipers.
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. DISCUSSION

Although the Corps has determined that Plans 1-4 are not cost efficient
and will not be given further consideration at the present time, the
Service would like to emphasize the benefits which would result from two
of the provisions of those plans. Plan 2 calls for establishment of a
setback 1ine to regulate beach front development on the undeveloped
portion of Wrightsville Beach, and Plan 3 calls for preservation of the
undeveloped portion. Both options would not only insure perpetuation of
wildlife resources to varying degrees, but also would insure that future
storm-related damage to any development would be minimal or totally
eliminated. From a fish and wildlife perspective, and from the stand-
point of environmental quality, Plan 3 is the most desirable option.

The remaining possibility, that the existing shore project will be
continued for a period of 40 to 50 years, will have adverse impacts upon
benthic and nektonic fauna in the vicinity of borrow areas and upon
littoral and nearshore fauna on Wrightsville Beach. If renourishment
occurs at two-year intervals, it is possible that long-term reductions

in benthic and 1littoral fauna could occur. Some studies indicate that
benthic and Tittoral systems take from one to two year's time to recover
from dredging and beach nourishment operations (Diaz and Boesch 1978;
Reilley and Bellis 1978), It is possible that the benthic fauna in
borrow areas near Wrightsville Beach and 1ittoral fauna on Wrightsville
Beach may not ever completely recover from initial nourishment operations
because of the short time interval between subsequent nourishment activities.
Such an impact would lessen future use of Wrightsville Beach by diving
waterfow]l and shorebirds because of the reduced food supply and have
negative impacts upon the recreational fishery. These adverse impacts
can be considerably minimized by appropriately scheduling dredging and
nourishment activities to avoid seasonal biological activity and by
allowing longer intervals between nourishments.

Other impacts associated with the dredging and nourishment aspects of
proposed project, such as turbidity, would be short-term and have little
impact upon fish and wildlife resources as long as nourishment is conducted
at a time when biological activity is at a minimum.

Groins placed along Wrightsville Beach to further stabilize the system
would have both short- and long-term impacts. Short-term impacts of
construction would have 1ittle impact upon fish and wildlife resources.
From a long-term perspective, groins substantially affect littoral drift
resulting in downdrift beach erosion, scour on the lee side, and accretion
of sand landward of the groins. They do provide fishing access and a
hard, stable substrate for attachment by benthic epifauna and attract
reef-associated fishes inshore. They may also interfere with fish
spawning areas ‘or migratory routes (Persaud and Wilkins 1976).

In general, the Service will continue to recommend against initial or

periodic sand borrowing in areas we have previously defined as being
productive or important estuarine study areas (U.S. Fish and Wildlife
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Service 1979). These areas are Lees Cut, Banks Channel and the south-
west portion of the proposed Mason Inlet borrow area.

RECOMMENDATIONS

In order to lessen the projects' impacts on fish and wildlife resources,
the Service recommends the following:

1.

Borrow sites shall be restricted to the immediate vicinity of
Masonboro and/or Mason Inlets with materials preferably obtained
from maintenance of the inlets and from Masonboro Inlet sand by-
passing operations. If jnsufficient material is obtained from
these sites, the Service encourages consideration of the following
sources of additional material: unstable bottoms and tidal sand
flats located along the southwest corner of Figure Eight Island;

‘unstable bottoms and tidal sand flats located along the northern

portion of the channel connecting Mason Inlet and the AIWW; unstable
bottoms at the confluence of the AIWW and Mason Inlet Channel;
material from AIWW maintenance dredging; material from large dredged
material islands along the eastern shore of the AIWW.

Studies should be implemented to assess the impact of borrowing and
nourishment upon benthic and littoral infauna since times for
recovery of those communities have not been definitively established
by previous studies. Such a study would be especially beneficial,
if nourishment is proposed every two years, in order to assess the
impact of frequent disturbance. Studies should also be concurrently
conducted to assess the secondary impacts of nourishment upon
shorebird and waterfowl use of the area, upon surf and pier recreational
fisherjes, and upon recreational use. The proximity of this project
to Wilmington makes it suitable as a potential before, during and
after study by the Corps, the U.S. Fish and Wildlife Service, the
State, and/or an independent contractor.

Dredging and nourishment\should preferably be conducted between
October 1 and November 30. Studies of larval recruitment in the
nearby Cape Fear River estuary clearly indicate that any project
activities occurring during the months of December through March
would be concurrent with the peak period of larval recruitment for
spot, croaker, flounders (Bothidae) menhaden, mullets (Mugilidae),
and brown shrimp (Copeland, Hodson and Monroe 1979). Dates for
scheduled activity should be closely coordinated with the Office of
Coastal Management and the Division of Marine Fisheries.

Any dune vegetation destroyed during construction shall be re-
planted in order to provide stabilization.
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